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ABSTRACT 
Air pollution due to rapid growth of industries and 
fast urbanization is causing great stress on living 
organisms leading to various stages of impairment. Air 
pollutants adversely affect crop ecosystems causing 
significant reductions in crop growth and yield characters. 
The susceptibility of pollutjon stressed plants to microbial 
pathogens may be altered to influence disease development. 
Plant diseases caused by plant pathogens may be either 
enhanced or suppressed depending upon the nature of the 
disease and the host and concentration and diversity of 
ambient air pollutant. Interactions between pollutants, 
plant and microganisms including pathogens, can affect 
pathogensis. Some reports show both inhibition and 
enhancement of fungal, nematode, and bacterial diseases by 
environmental pollution. 
The present work was undertaken to examine inter-
actions between air pollutants (SO2 and flyash) of Thermal 
Power Plant origin and plant pathogens (root-knot nematode 
and powdery mildew fungus) in ambient as well as in 
controlled conditions in exposure chambers and their impact 
on growth and yield characters of cucumber. The considered 
parameters were visible foliar injury (symptoms), plant 
growth (plant length, fresh and dry weights of shoots and 
roots, leaf area) yield characters (number of flowers and 
fruits per plant), chlorophyll content (chl.'a, chl. b and 
total chl.), root-knot disease intensity (no. of galls and 
egg masses per plant), fecundity and female root population 
of nematodes, powdery mildev/ development (% infection of 
leaf area), and conidial characters (size and % germination 
of conidia, fibrosin bodies count). To study the impact of 
ambient air pollution on the intensity and incidence of 
root-knot and powdery mildew diseases on cucurbits, a coal 
fired Thermal Power Plant of 530 MW capacity located at 
Kasimpur in district Aligarh was selected as a source of 
pollution. 
The impacts of ambient air pollution caused by the 
Thermal Power Plant, Kasimpur on incidence and intensity of 
root-knot and powdery mildew diseases on cucurbit crops were 
assessed by making periodic surveys during the cucurbit 
growing seasons. The cucurbits growing around the Thermal 
Power Plant exhibited chlorosis, marginal and intercostal 
necrosis within 3 km radius from source of pollution in 
three directions and up to 5 km towards wind-ward direction 
(West-East). The symptoms were more pronounced on older 
leaves than younger ones. Sphaerotheca fuliginea was found 
causing powdery mildew on most of the cucurbits. Erysiphe 
cichoracearum was found only on Benincasa hispida and a wild 
cucurbit, Coccinia grandis. in general, the incidence and 
intensity of powdery mildew disease showed gradual increase 
with an increase in distance from source of pollution. 
Lowest incidence and intensity of the disease were recorded 
within the range of 3 Km and the conidia showed poor 
germination. Root-knot nematode, Meloidogyne incognita/ 
M. :]avanica and M. arenaria were the species causing 
root-knot disease on the cucurbits. The incidence of 
root-knot disease in polluted (up to 10 km from the stack) 
and unpolluted (University Agriculture Farm, 16 km away) 
areas did not differ. However, a difference in intensity of 
the disease was noticed. Cucurbits infected with root-knot 
nematodes within 0.5,1 and 2 km in polluted area showed higher 
root gall indices. Microscopic examination of microtome 
sections of Lagenaria siceraria, Cucumis melo and 
Cucurbita maxima infected v/ith root-knot nematodes and 
collected from polluted (v/ithin 3 km range) areas showed 
that giant cells induced by the nematodes were larger in size 
than in unpolluted area. But their number around each 
female nematode head in polluted area was comparatively less 
than unpolluted area. The size of sedentary mature female 
in both the areas did not differ significantly. 
Soil texture of the crop field at 0.5, 1, 2, 5 and 
10 km away from stack of power plant towards wind-ward 
direction was sandy loam, in contrast to loamy sand in 
unpolluted area (16 km av.'ay from the power plant). Soil pH 
ranged between 6.8 and 7.6 in polluted area, while it was 
7.7 in unpolluted area. Porosity, water holding capacity, 
soil conductivity, organic matter content were higher in 
polluted areas particularly at 0.5 km away from the power 
plant. Similarly, percentage of sulphate, carbonate, 
bicarbonate, and chloride v/as slightly higher at the sites 
in polluted area than in unpolluted area. 
Effects of ambient air pollution on the grov/th of 
cucumber and development of root-knot and powdery mildew 
diseases caused by M. javanlea and S. fuliginea respectively 
were examined in artificial inoculations at two study sites 
(S^ and S2) in open wire net-houses located at 0.5 and 2km 
away from the stack of the Thermal Power Plant. A site (C), 
16 km away from Kasimpur at the Univeristy Agriculture Farm 
was selected as control site for comparis-bui Air pollution 
monitoring was also done at: S^ ^ and $2 during winter and 
summer seasons. The ambient air around Thermal Power Plant 
contained mainly SO2, ^ ©2, suspended particulate matter (SPM) 
and flyash. The concentration of pollutants was greater at 
S^ than S2. In general, the concentration of gaseous 
pollutants (SO2 and NO2) v;as greater in winter in comparison 
to summer season while the concentration of particulate 
pollutants (SPM and flyabl:) was greater in summer than in 
winter. 
Air pollution induced chlorosis and bleaching of 
interveinal areas of cucumber leaves. The symptoms were more 
pronounced at S^ ^ than 82 irrespective of treatments. Foliar 
injury at both sites was greater particularly in plants 
inoculated with M. javanica and fuliginea. All 
considered growth parameters and leaf chlorophyll content 
were significantly smaller at Sj^  and S2 in comparison to 
control site (University Agriculture Farm). The growth 
parameters and yield characters of cucumber were 
significantly suppressed when plants were inoculated with 
either M. javanica or S. fuliginea or with both the 
pathogens simultaneously both at polluted and unpolluted 
sites. At polluted sites (S^ ^ and S2) the reductions in 
growth parameters caused by M. javanica were greater than 
_S. fuliginea. In simultaneous inoculations of both the 
pathogens at the polluted sites/their interactive effect on 
growth parameters was additive while at the unpolluted 
(control) site it was synergistic. Root-knot disease 
intensity (number of galls and egg masses per plant) 
fecundity, and root-population of nematode were greater in 
concomitant inoculations than the plants inoculated with 
M. javanica alone. Number of root galls were increased under 
the stress of ambient air pollution/ but fecundity and egg 
mass counts were suppressed. Development of powdery mildew 
disease was inhibited by the ambient air pollution. Percent 
infection of leaf area and conidial germination and number 
of fibrosin bodies per conidium were relatively poor at the 
polluted sites as compared to the unpolluted (control) site. 
Interactions of SO2 (0.1 ppm)/ S. fuliginea and 
M. javanica on cucumber were studied separately in 
artificial inoculation exposures in dynamic state exposure 
chambers in sequential and concomitant inoculation 
treatments. Exposure of cucumber plants to S62 were started 
at three different times (pre-, post-, and concomitant) in 
relation to nematode or fungus inoculations. Exposure of 
cucumber plants to SO2 caused bleaching of interveinal areas. 
The symptoms were more pronounced in pathogen inoculated 
plants. 
a. Interaction between SO2 and S. fuliginea 
S. fuliginea and SO2 individually reduced plant 
growth and yield characters, and chlorophyll content of 
leaves. The reductions in growth parameters caused by 
S. fuliginea v/ere greater than SO2. caused 
greater decrease in number of flowers and fruits per plant 
and chlorophyll content of leaves in comparison to 
S. fuliginea. Sequential treatments of both SO2 and 
fuliginea significantly suppressed all considered growth 
parameters in comparison to untreated control. The sum of 
reductions in growth parameters caused by SO2 and 
S. fuliginea in sequential treatments were less than sum of 
the reductions caused by their individual treatments. 
SO2 exposures significantly reduced leaf area 
infection (%) of the pov/dery mildew. The reduction was 
greater in pre-, and concomitant inoculation exposures than 
post-inoculation exposures. Percent condial germination and 
fibrosin bodies count in conidia were significantly reduced 
due to SO2 exposure. Conidial viability was reduced due to 
exposure to all SO2 concentrations for different durations. 
Per cent leaf infection caused by conidia exposed to 
0.01-0.5 ppm for 0.5 and Ih duration did not differ from 
control. As the SO2 concentration and exposure duration 
increased, conidial viability was adversely affected which 
resulted in poor development and reduced leaf area 
infection. Exposure of conidia to SO2 for different 
exposure durations caused their poor germination with 
shorter germ tubes. The toxicity of SO2 to conidia depended 
on the concentration and exposure time. A linear correlation 
existed between conidial germination and exposure duration. 
b. Interaction between SO2 and M. javanica 
The intensity of symptoms caused by SO2 was 
relatively greater in nematode inoculated plants than 
uninoculated plants. The suppressions in growth parameters 
caused by M. javanica were greater than SO2 • The suppressions 
in plant growth parameters, yield characters and chlorophyll 
content of leaves were greater when nematode inoculated 
plants were exposed to SO2 than either due to the nematode 
or SO2 alone. Post-inoculation exposure caused greater 
suppressions than pre-, and concomitant inoculation 
exposures. In sequential inoculations (pre-, post-, and 
concomitant) exposures, the combined effects were 
synergistic for plant growth parameters. The sum of 
reductions caused by M. javanica and SO2 together in 
sequential treatments was greater than total of reducations 
csused by M. javanica and SO2 individually. SO2 exposures 
adversely affected nematode reproduction which resulted in 
suppressed egg mass production and fecundity of the nematode. 
This suppression was relatively greater in pre-inoculation 
exposures followed by concomitant and post-inoculation 
exposures. However, number of galls and female population 
density in roots of exposed plants were greater than 
unexposed inoculated plants. In all nematode inoculated 
exposed plants, width of nematode body, neck and median bulb 
was significantly reduced. 
The used concentrations of SO2 (0.01, 0.02, 0.05, 
0.1, 0.2 and 0.5 ppm) did not affect hatching and root 
penetration of juveniles significantly. Histopathological 
details of galls caused by the nematode on unexposed and 
exposed plants showed that: giant cells in unexposed plants 
contained dense granular cytoplasm with enlarged agglomerated 
nuclei (8-42 per giant cell). In exposed plants the giant 
cells were relatively sm'iJ ler in size and showed diffused 
granulated and vacuolated cytoplasm with fewer nuclei (4-17 
per giant cell). The giant cells in a single cluster in 
both exposed and unexposed inoculated plants had distinct 
thickened boundary v;alls. Other anatomical details were more 
or less similar. 
c. Interaction between SO2/ S. fuliginea and M. javanica 
SO2, S. fuliginea and M. javanica individually 
suppressed all considered growth parameters and chlorophyll 
content of leaves. The trend in growth suppressions -was 
same as in the previous experiments. The combined effects 
of Sp2 and S. fuliginea were antagonistic. In contrast, the 
suppressions in growth parameters were greater when 
M. javanica and SO2 acted together. Both SO2 and M. javanica 
together synergistically affected the plant growth. Plants 
inoculated with S. fuliginea and M. javanica and exposed to 
SO 
2 simultaneously {Fungus+Nematode+SO2) showed suppressed 
plant growth parameters. In the presence of SO2 / both the 
pathogens interacted additively and caused significant 
decrease in growth parameters. 
Root galling and female population density 
increased in SO2 exposed plants inoculated either with 
M. javanica and S. fuliginea together or with M. javanica 
alone. SO2 exposures, however, suppressed egg mass 
production and fecundity of the nematode. The suppressions 
were greater in the plants inoculated with both the 
pathogens together. SO2 exhibited suppressive effect over 
powdery mildew fungus. The conidial dimensions were not 
affected but the fibrosin bodies count and per cent 
germination of conidia were greatly decreased in all exposed 
plants. 
To study the effect of flyash amended soil on the 
growth of cucumber and development of root-knot and powdery 
mildew diseases, soil and flyash (10, 25, 50, 75, 90 and 
100%) mixtures were prepared. Flyash emitted from Thermal 
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Pov;er Plant, Kasimpur, was alkaline and contained several 
metal elements/ organic carbon and nitrogen. Cucumber plants 
showed variable growth responses in soils containing various 
levels of flyash. A significant increase in all considered 
growth parameters was achieved at 10 and 25% flyash levels. 
However, at higher levels (50 -100%) plant growth and yield 
characters were significantly suppressed. Beneficial effects 
of flyash were optimal at 10-25%. At higher levels, the 
adverse effects to flyash were related to the level of 
flyash in the soil. Similar trend was also observed in 
nematode inoculated plants grown in flyash amended soils. 
Adverse effects of nematode on plant growth were, however, 
suppressed at 10 and 25% flyash which resulted in- a slight 
increase in plant growth. S. fuliginea caused significant 
reduction in considered growth parameters. In flyash 
amended soils at 10 and 25%, S. fuliginea caused less plant 
growth suppression. At higher levels, the plant growth 
progressively decreased. The extent of suppression was 
related to the level of flyash added to the soil. 
Intensity of nematode was promoted at 10 and 25% 
flyash levels, but declined in 50-100% flyash amended soils. 
Juvenile hatching of M. javanica was adversely influenced by 
the water extract of flyash amended soil. Hatching of 
juveniles progressively decreased as the level of flyash 
increased. Similarly, per cent mortality of juveniles 
increased with an increase in exposure durations. Powdery 
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mildew development was relatively higher in plants grown in 
10% flyash amended soil in comparison to plants grown in 
unamended soil. But there was a decrease in leaf area 
infection at all higher levels of flyash. In general, the 
influence of flyash on powdery mildew did not cause 
discernible change in conidial characters and their 
germination efficiency. 
Effect of flyash deposition on foliage on growth 
of cucumber, root-knot and powdery mildew development was 
studied in artificial treatment in glasshouse. 2, 5, and 8 g 
— 2 - 1 
flyash m day were dusted over cucumber plants with or 
without pathogens (M. javanica and S. fuliginea). The plant 
growth parameters of cucumber were significantly increased -2 -1 with application of flyash at the rate of 5 g m day . The 
- 2 - 1 dusting rate 8 g m day v/as, however, harmful to plant 
- 2 - 1 
growth. At 2 g m day no significant increase in plant 
growth occurred. A good number of flowers persisted in 
flyash dusted plants but fruit setting was adversely 
affected due to accumulation of flyash on the stigmatic 
surfaces. Flyash dusting apparently had no significant 
influence on nematode development. When M. javanica and - 2 - 1 
flyash at the rate of 2 and 5 g m day were combined, the 
reductions observed in growth parameters were not 
significantly different from the plants inoculated with the 
nematode alone. However, the plants inoculated with — 2 - 1 nematode and dusted at the rate of 8 g m day suffered 
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greater growth losses due to cumulative effect of the 
nematode and flyash. The reductions caused by fuliginea 
alone were greater than the reductions caused by flyash 
dusting and S. fuliginea in combination. Flyash deposition 
on foliage suppressed the development of the fungus which 
resulted in a slight improvement in plant growth. Among 
concomitant treatments (Flyash + M. javanica + S > fuliginea), 
plants receiving M. javanica and S. fuliginea with no flyash 
showed significantly greater growth reduction in comparison 
to plants receiving both the pathogens and flyash 
simultaneously. 
Root-knot disease intensity was not significantly 
affected due to flyash deposition on aerial parts of 
cucumber plants. Development of powdery mildew was 
adversely affected by flyash application at all three rates. 
The suppressive effects of flyash caused poor per cent leaf 
area infection, decreased conidial germination and fibrosin 
bodies count. 
Relative sensitivity of ten cucumber cultivars 
(Foot-Kakri, Poona White Wonder, All season, Improved Long 
Green, Sutton Long Green, Barsati Lamba, Kakri Tar, Long 
White, Aligarh Local and Point Sett) was tested against low 
(0.05 ppm) and moderate (0.1 ppm) concentrations of SO2 in 
artificial exposures. All cucumber cultivars exhibited 
various degrees of leaf injury when exposed to 0.05 and 
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0.1 ppm S02. Symptoms were more extensive in plants exposed 
to 0.1 ppm than 0,05 ppm SO2 and shoot and root dry weights 
were reduced in comparison to respective control plants. 
Sensitivity of cucumber .cultivars was determined on the 
basis of per cent leaf injury and reduction in total dry 
weights of plants. In addition, effect of various 
concentrations of SO2 on seed germination and post-emergence 
seedling mortality of cucumber was also tested. All season, 
Aligarh Local, Sutton Long Green were resistant to 0.05 and 
moderately resistant to 0.1 ppm SO2. Kakri Tar, Poona White 
Wonder and Barsati Lamba were moderately resistant to 0.05 
and moderately sensitive to 0.1 ppm. The remaining cultivars 
were highly sensitive to both 0.05 and 0.1 ppm SO2. 
SO 
2 exposure of cucumber seeds adversely affected 
their germination at higher concentrations. Per cent seed 
germination at 0.01-0.5 ppm was not affected. But it was 
suppressed at 1.0-5.0 ppm. Post-emergence mortality of 
seedlings did not occur when seeds were exposed to 
0.01-0.05 ppm. SO2 at 0.1-5.0 ppm caused significant post-
emergence mortality of seedlings. 
The study shows that in ambient conditions 
cucurbits grown around the coal-fired Thermal Power Plant 
suffer significant losses in plant growth and yield. The 
air pollutants of the Thermal Power Plant origin inhibit 
development of powdery mildew, fuliginea, and 
t 
reproduction of root-knot nematode, M. javanica on 
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cucurbits. Studies on SO2 exposures under. .artificial 
treatment conditions suggested that SO2 affects all living 
components of the system. SO2 and M. javanica interact 
synergistically to reduce plant growth. It is expected that 
root-knot nematode infected plants would suffer greater 
damage under SO2 pollution stress. In contrast/ SO2 inhibits 
S. fuliqinea directly because of exposed position of the 
fungus/ and indirectly through the host physiological 
modifications and foliar injury. The flyash emanating from 
coal fired Thermal Power Plants may be beneficial for crops 
like cucumber, if present in appropriate concentrations at 
which the toxic substances claimed to be present in flyash 
are not harmful because the beneficial effects mask the 
harmful effects and as a result better crop growth and yield 
are achieved. Sensitivity test of cucumber cultivars 
against SO2 suggested thiat cultivation of sensitive 
cultivars around the point source of SO2 may not be 
desirable. But cultivation of lesser sensitive cultivars 
like All Reason, Aligarh Local, and Sutton Long Green would 
be advantageous for crop in reducing the loss. 
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INTRODUCTION 
The presence of extraneous materials in an environment 
in concentrations that becomes harmful to living organisms 
causes pollution. According to Odum (1971) the pollution is 
undesirable change in the physical, chemical and biological 
characteristics of air, land and water that may or will 
harmfully affect human life or that of a desirable species, our 
industrial processes, living conditions and cultural assets; or 
that may or will deteriorate our raw material resources. 
Pollution causes environmental degradation and toxicity of life 
supporting systems comprising air, water and soil. The agent 
or material that causes pollution is termed as pollutant. A 
pollutant can be any chemical or geochemical substance, 
biological organisms or their product, released advertently or 
inadvertently by man into the environment with actual or 
potential adverse, harmful or jnpleasant and inconvenient 
effects. Man's insatiable greed for improving quality of life 
has resulted in rapid growth of industries and urban areas. 
Pollutants result from unlimited exploitation of resources and 
are inevitable byproducts of transportation and industry. 
Industrial wastes and byproducts are released into air, land 
and water (Kumar, 197 7). 
Air pollution is caused by the pollutants released in 
the air. The combustion of fossil fuels (coal, oil, gas etc.) 
for releasing their stored energy is foremost challenging air 
pollution problem. The air pollutants are of different kinds 
but are broadly grouped into two categories - gaseous and 
particulates. The major gaseous air pollutants are sulphur 
dioxide (SO2)/ nitrogen oxides (NOx), carbon monoxide (CO), 
ammonia (NH^), chlorine (CI2), ethylene , hydrogen 
fluoride (HF), ozone (O^), peroxyacetyl nitrate (PAN) etc. The 
particulate pollutants are coal dust, flyash, cement dust, soil 
dust particles etc. Some of the air pollutants are converted 
into acids after the contact with water and the atmospheric 
precipitation and fall as acid rain. 
Life processes of living organisms occur within a 
relatively narrow range of temperature, light, water and 
nutrients. Air pollution like any other adverse factor 
increases the normal stress on cells of living organisms that 
leads to various stages of impairment. Air pollutants are 
transferred to plant surfaces by deposition processes including 
absorption and adsorption of toxic gases, and gravitational 
settling of particulate matters (Pell, 1979). 
Sulphur dioxide is a highly phytotoxic gaseous air 
pollutant. Combining with suspended particulate matters, it 
becomes more toxic or with water vapour in the air, it forms 
fine aerosols or fine mist giving rise to acid rains. Sulphur 
dioxide enters plant leaves mainly through stomata. Inside 
mesophyll cells it is oxidised to SO^ which combines with water 
to form sulphuric acid. Sulphurous or sulphuric acid 
dissociates chlorophyll molecules by removing magnesium from 
the tetrapyrol ring and forms a brown pigment phaeophytin. An 
increase in sulphuric acid content of a cell also reduces its 
ascorbic acid content which further aggravates the metabolic 
processes of the protoplasm (Rao and Le Blanc, 1966) . Changing 
the critical balance between sulphydriles and oxidised sulphur 
compounds in protoplasm, and upsetting sulphur utilization and 
protein synthesis are chain of events that result from excess 
sulphate in a cell (Bleasdale, 1952). Bisulphites combined 
with aldehydes, methyl ketones etc. may also cause toxicity. 
Sulphur dioxide is a reducing gas and it is 2.7 times heavier 
than air. The phytotoxicity of SO2 is ascribed to its 
oxidation reduction potential. The increase in H^ ion 
concentration decreases the pH of the leaf tissues and upsets 
plasma membrane functions (Rao and Le Blanc, 1966). 
Air pollution by particulate matters is attributed to 
industrial and other activites including power generation 
plants, transporation etc. The particles going into the 
atmosphere, depending on their size and weight, may remain in 
air for varying length of time. Those larger than 10 yum in 
size, settle under force of gravity on surfaces of vegetation 
and soil but the smaller ones remain suspended in the air for 
longer periods of time. Flyash, emanating from thermal power 
plants using coal as fuel, is a major cause of ambient 
pollution and such pollution is of great concern in developing 
countries (Das, 1986). 
Among other potential factors air pollution is 
important for growth and reproduction of microorganisms. The 
air pollutants have direct and indirect effects on microbial 
community. The susceptibility of pollution stressed plants to 
microbial patho9ens may be altered to influence disease 
development. Plant diseases caused by microorganisms may be 
either enhanced or suppressed depending upon the nature of the 
disease and host and the concentration and diversity of the 
ambient pollutants. It is becoming evident that interactions 
between pollutants, plant and microorganisms, including the 
pathogen, can affect pathogenesis (Heagle, 1973, 1982). How 
the disease affects the response of plant to the pollutant and 
how the pollutant modifies the progress of the disease are new 
areas of research. 
Powdery mildews are obligate parasitic fungi which 
grow principally on the foliage of angiosperms and cause damage 
on a wide variety of crops. Some of the marked characters are 
their superficial hyaline mycelium, their haustoria in the 
epidermal cells of their hosts, conspicuous powdery growth on 
the host surface, and the high water content of their large 
turgid airborne conidia. Stunting, distortion, yellowing and 
chlorosis of leaves, surface necrosis of invaded tissue, a 
general decline in growth of the host, pre-mature leaf fall, 
and deformation of fruits are some of the symptoms of the infected 
host plants (Yarwood, 1957). 
Root-knot nematodes (Meloidogyne spp.) are one of the 
most important group of plant pathogens infecting a large 
number of plants of economic importance all over the world. 
Meloidoqyne incognita (Kofoid and White) Chitwood, M. javanica 
(Treub) Chitwood, M. arenaria (Neal) Chitv/ood and M. hapla 
Chitwood, are called major species of root-knot nematodes as 
they are most commonly distributed almost throughout the world 
and damage all kinds of crops like vegetables, cereals, pulses, 
fruit crops, fibre crops, ornamentals etc. The average crop 
yield losses are estimated to be about 25% with damage in the 
individual fields ranging as high as 60% (Sasser, 1980; Sasser 
and Carter, 1982) . They induce gall formation on the roots and 
their saccate sedentary females find feeding - sites in the 
stelar regions of the roots. They establish intimate host-
parasite relationship and induce development of giant cells 
around their necks which serve as their source of nutrition. 
The feeding of nematodes causes great impact on the host 
physiology. The excessive anatomical and physiological changes 
within the host impairs its various physiological functions 
(Dropkin, 1972; Lewis, 1987; Wallace, 1987; Wilcox-Lee and 
Loria, 1987). 
Cucumber, Cucumis sativus L. is commonly grown in 
outdoor field plots or indoors under glass or plastic sheeting 
throughout the world for various uses. It is generally 
attacked by powdery mildew fungus, Sphaerotheca fuliqinea 
(Schlecht.) Poll, which infects aerial parts, mainly leaves. 
Root-knot nematodes (Meloidoqyne spp. ) are also important on 
this crop and are considered as one of the most damaging 
pathogens of cucumbers. Interaction of air pollutants with 
fungal, bacterial, and viral pathogens causing diseases in 
plants has gained limited study. Air pollutants together with 
climatic and soil relations might well provide one more 
environmental component influencing the development of plant 
diseases. If air pollutants are directly toxic to the 
pathogens they might possibly impair their growth or 
reproduction and thereby partially or wholly inhibit the 
diseases. On the other hand, pollutants by modifying the host 
physiology might render it more susceptible to infection and 
pathogenic damages might be greater through enhanced infection 
and disease development. Some pathogens might modify the 
plant sensitivity to a pollutant. 
It is likely that S. fuliqinea parasitic on foliage, 
M. javanica parasitising the roots and air pollutants may be 
interacting in some way and their interactive effects may be 
different to some or great extent than their individual 
effects on plant growth and productivity of cucumber. The 
present studies were undertaken to examine these 
possibilities. Experiments were carried out both in ambient 
conditions in the vicinity of a Thermal Power Plant, Kasimpur 
and in glasshouse by treating plants in exposure chambers in 
artificial conditions. The following experiments were 
conducted. 
SECTION I 
Experiment 1. Impact assessment of ambient air pollution on 
incidence and intensity of powdery mildew and 
root-knot diseases on cucurbits. 
Experiment 2. Interaction of ambient air pollution, root-knot 
nematode, Meloidogyne javanica and powdery 
miIdew,Sphaerotheca fuliginea on cucumber. 
SECTION II 
Experiment 1. 
Interaction of SO2/ powdery mildew, Sphaerotheca 
fuliginea and root-knot nematode, Meloidogyne 
javanica in artifical exposures. 
Interaction 
fuliginea. 
between S0_ and Sphaerotheca 
Experiment 2. Interaction between SO2 and Meloidogyne javanica. 
Experiment 3. Interaction between SO2, Sphaerotheca fuliginea 
and Meloidogyne javanica. 
SECTION III 
Experiment 1. 
Experiment 2, 
Effect of flyash amended soil on plant growth 
and development of root-knot and powdery mildew 
on cucumber. 
Effect of flyash deposition on plant growth and 
development of root-knot and powdery mildew on 
cucumber. 
Experiment 1. 
SECTION IV 
Response of cucumber cultivars to SO2 and effect 
on the seed germination and seedling mortality 
of cucumber. 
LITERATURE REVIEW 
The atmosphere surrounding the urban and 
industrial areas of the world contains a mixture of chemicals 
commonly referred to as air pollutants. Air pollutants are 
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conveniently classified into two general groups : (1) Primary 
air pollutants and (2) Secondary air pollutants. The primary 
air pollutants originate from an identifiable source in a form 
toxic to vegetation such as sulphur dioxide* oxides of 
nitrogen, and fluoride compounds. Secondary air pollutants 
are produced in atmosphere by combinations of primary 
toxicants, reactions with indigenous aerial materials, or 
photolytic activation. The last includes harmful combinations 
of metallic compounds, the photochemical pollutants of ozone 
and homologous series of peroxyacetyl nitrate and its 
relatives (Wood, 1968; Dochinger, 1988). Air pollutants 
adversely affect plants in various ways. The plant injuries 
and disorders caused by air pollutants have been 
comprehensively reviewed from time to time by several workers 
(Middleton, , 1961; Darley and Middleton, 1966; Brandt and 
Heck, 1968; Heck, 1968; Treshow, 1971; Ziegler, 1975; Ormrod, 
1978; Heath, 1980; Unsworth and Orrarod, 1982; Reinert, 
1984; Treshow, 1984; Heck ^ al. , 1986; Heck and McLaughlin, 
1986; Lechowicz, 1987; Miller, 1987; Heagle, 1989). The 
extent and nature of injury or damage caused by air pollutants 
are determined by genetic and environmental factors of plants 
as well as by level and duration of exposure to pollutants. 
The term injury and damage are often used 
interchangeably (Guderian et al. , 1960). Pollution injury 
is most commonly classed as acute or chronic (Mudd and 
Kozlowski, 1975). Acute injury caused by high 
concentrations of pollutants is characterised by rapid 
degradation and disappearance of chlorophyll, breakdovm of 
cells, and development of necrosis. Chronic injury induced 
by lower concentrations of air pollutants results from the 
gradual breakdown of chlorophyll and development of 
chlorosis without any cellular collapse. Plants with 
chronic injury show reduced metabolic activity, decreased 
photosynthesis, and general poor growth. Air pollutants 
also inhibit many enzyme systems and metabolic responses 
(Horsman and Wellburn, 1977). 
Sulphur dioxide and its effects on plants 
Sulphur dioxide is a major phytotoxic air 
pollutant. The most common source of sulphur dioxide in 
atmosphere is the combustion of fossil fuels, coal, and oil 
(Mudd, 1975; Gleit, 1985; Zhao and Sun, 1986; Gschwandtner 
et al., 1986). The amount of SO2 emitted through burning of 
coal depends upon the sulphur content of the coal which 
varies from 1 to 6% of the total weight. The coal-fired 
thermal power plants are the most important single source of 
sulphur dioxide causing air pollution (Wood, 1968) . Sulphur 
dioxide concentration near point sources, such as coal 
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burning power plants and smelters with little or no pollution 
control equipment, may be as high as 1-3 ppm. In large urban 
areas SO2 concentration may range from 0.05-0.4 0 ppm (Heagle, 
1973). In general, SO2 causes several types of symptoms on 
plant parts. After entering the mesophyll tissue of the 
leaves through the stomata it reacts with water to produce 
sulphite ion which is slowly oxidized to sulphate ion. The 
sulphate ion may then be utilized by the plant as nutritional 
sulphur and converted to organic form (Thomas et , 1944) . 
The sulphate and sulphite ions are toxic to plant cells when 
present in excessive amounts; sulphite ions being about 30 times 
more toxic than the sulphate ions (Thomas et al., 19 43) . Two 
general types of symptoms called chronic and acute appear 
depending upon the accumulation of sulphite ions in the leaf 
tissue. The chronic symptoms include general chlorotic 
appearance of the leaf, mild chlorosis, yellowing of leaf, 
and silvering and bronzing of the lower surface of the leaf. 
Death of marginal or intercostal areas of the leaves induced 
by lethal quantities of SO2 are considered as acute symptoms. 
These affected areas first become grayish-green water-soaked 
but appear bleached ivory in colour upon drying. Since SO2 
enters the leaves through stomata the factors that influence 
stomatal opening also affect the response of plants to SO2 
(Thomas, 1951, 1961; Negherborn, 1966; Daines, 1968), 
Generally, SO2 reduces net photosynthesis in all plants at 
all concentrations but dark respiration and transpiration are 
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increased. Short and long term exposures have similar 
effects in this respect (Black and Unsworth, 1979; Mc 
Laughlin ^ al. , 1979; Saxe, 1983). 
The effects of sulphur dioxide on the enzyme systems 
and metabolic processes have been studied by several workers 
who observed the changes in the activities of many enzymes. 
These changes are affected by SO2 concentration, plant 
species, plant age, and environment. In some cases, enzyme 
activity is increased by exposure of the plants to low levels 
of SO2 and decreased by higher concentrations (Horsman and 
Wellburn, 1977; Soldatini and Ziegler, 1979; Wyss and 
Brunold, 1980; Pierre and Queiroz. 1982; Tanaka et al. , 
1982). Plant metabolism is affected by sulphur dioxide in a 
variety of ways. Sulphur dioxide stimulates phosphorus 
metabolism (Plesnicar, 1983) and reduces foliar chlorophyll 
concentrations (Pandey and Rao, 1978; Lauenorth and Dodd, 
1981). Carbohydrate levels are increased by low 
concentration of SO2 and decreased by higher concentration 
(Koziol and Jordon, 1978). 
SO2 effects on plant growth and other characters of 
several crops have been examined in artificial treatment 
studies. In open top polythene chambers, when wheat plants 
were exposed to 0.8 ppm SO2 2h daily for 60 days, although no 
necrosis or chlorosis in the leaves developed at any stage of 
plant growth, reduction in root and shoot lengths, number and 
area of leaves per plant, biomass, productivity, and number 
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of grains per spike were recorded (Pandey and Rao, 1978). 
Laurence (1979) studied variations in tolerance of wheat and 
maize and sensitivities of cultivars. In an exposure of 0.1 
to 0.6 ppm SO2 upto 100 h, the wheat plant was found to be 
less tolerant than maize and differences in sensitivities 
among cultivars of both crops existed. When soybean was 
exposed to 0.09 to 0.79 ppm in an open air fumigation 
chamber, visible injury was not observed frequently on plants 
but significant reduction in the yield occurred (Sprugel ^ , 
1980). In groundnut, exposed to SO2 ranging from 0.06 to 
1.00 ppm for 4 h daily for 6 weeks, the necrotic lesions 
appeared and net primary productivity was reduced at 0.25 ppm 
and above. But SO2 below 0.25 ppm was slightly beneficial to 
the plant productivity. Sulphur content of plant increased 
while nitrogen and phosphorus contents decreased with 
increasing concentrations of SO2 (Mishra, 1980). Tomato 
plants exposed to 0.12 ppm concentration of SO2 for 72 h per 
week for 5 or 10 weeks showed slight decrease in ascorbic 
acid of ripe fruits but no effects were noticed on fruit 
yield and other soluble and total solid contents (Lotstein 
et , 1983). Tobacco plants were found more tolerant to 
0.0 2 ppm of SO2 than cucumber, treated continuously for 
4 weeks. The dry weights of plants were reduced; roots were 
more affected than the shoots and the flowering was also 
affected significantly (Mejstrik, 1980). Erickson and Dashek 
(1982) examined foliar soluble proline levels of 14 days old 
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Hordeum vulgare and Glycine max seedlings which had been 
fumigated with SO2 10 ppm for 4 h. The proline levels of 
necrotic and non-necrotic areas were greater than those areas 
of non-fumigated leaves. 
Acid Rain and its effects on plants 
Rainfall acidification through pollutants was 
recognised by Hales as early as 1757 in England and its 
effects were first examined by Smith in 187 0s. The problem, 
however, was brought into focus when European precipitation 
chemistry network, begining its work in 19 48, presented the 
long term precipitation chemistry records (Oden, 1968). Acid 
rain of pH 3.0 - 3.6 are reported from Sweden, Norway and 
eiastern United States. The average acidity of rainfall in 
eastern United States was estimated to be belwo pH 4.5 in 
1972-1973 (Cogwill and Likens, 1974). The acidity of 
rainfall was attributed to acidic substances formed in the 
atmosphere mainly from oxides of sulphur and nitrogen 
produced during combustion of fossil fuels (Likens and 
Bormann, 1974). Sulphuric acid formed by dissolution of SO2 
in water contributes a portion of the acidity (Likens et , 
1972, 1979; Nrdo, 1976; Oden, 1976) and nitrate and chloride 
are significant anion components of the total acidity detected 
in precipitations (Jacobson et , 1976). A significant 
amount of sulphur dioxide emitted into the atmosphere is 
converted into sulphuric acid and various ammonium sulphate 
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aerosols (Altshuller, 1976) . Acid rain causes primarily the 
acidification and alteration of water and soil which affect 
plants of various kinds. It has been recognized that 
herbaceous plants are more sensitive to direct injury by acid 
rain than woody plants (Heck et , 1986) . 
Potential direct effects of acid rain on vegetation 
include damage to protective surface structures such as 
cuticle alteration of stomatal physiology, control, frequency 
and distribution, disturbances in physiology of leaves 
without any sign of apparent injury, alterations in the 
pattern of leaf and root exudation, interference with 
reproductive processes, retardation of seed germination, 
accelerated leaching of nutrients from leaves, inhibition or 
stimulation of plant diseases, and inhibition of nitrogen 
fixing symbiotic association (Tamm and Cowling, 1976; Anon-
1976) . 
Visible leaf injury induced by acid rain appear on 
foliage just prior to full leaf expansion in some plant 
species (Evans ^ , 1977; 1978; Evans and Curry, 1979; 
Evans, 1982). The amount of injury to plant foliage by 
acidic precipitation may depend upon the area of leaves in 
contact with rain water. Moreover, injury may also depend 
upon the rate of absorption of materials from rainwater per 
unit area. It has been postulated that cuticles are perforated 
with micropores (Crafts, 1961). Cuticular pores may be 
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numerous in specialized areas such as at bases of trichomes, 
hydathodes, glandular hairs (Schnepf, 1965). Densities of 
trichomes and stomata per unit area are high in young leaves 
and low in fully expanded leaves. Evans et (197 7) stated 
that since the amount of visible leaf injury does not 
coincide with the density of either stomata or trichomes at 
full expansion, other factors such as surface wettability 
must be involved in predisposing leaves to injury. Paparozzi 
(1981) showed that mature birch leaves were as susceptible to 
foliar injury as enlarging younger leaves. Leaves of several 
plant species have been shown to react to exposure to 
simulated acid rain by producing galls that elevated the 
adaxial leaf surface (Evans ^ , 1978) . Galls were 
produced from abnormal cell proliferation (hyperplasia) and 
abnormal cell enlargement (hypertrophy). Such galls have 
been obser'/ed in acid rain treated plants of Artemisia tilesii, 
Phaseolus vulgaris and Spinacia oleracea (Adams, 1982). Based 
upon visible effects on foliage, sensitivity of different 
groups of plants to acid rain has been arranged in the 
following order: herbaceous dicots > woody dicots > monocots > 
conifers (Evans and Curry, 1979; Evans, 1980). Within each 
species the intensity of visible leaf injury appear to be 
related linearly to the hydrogen ion concentration of the 
simulated rain solution (Evans, 1982). In addition to foliar 
injury acid rain affects plant growth and yield. Dry weight 
of leaves, pods and seeds were reduced by exposure to acidic 
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mists (pH 3.0) with no visible leaf injury (Hindawi et al. , 
1977). Lee et (1981) conducted experiments with 28 crops 
grown in plots in field chambers. Simulated acid rain was 
applied at pH lefvels of 5.6, 4.0, 3.5 and 3.0. Marketable 
yield was reduced for five crops (radish, beet, carrot, 
mustard greens and broccoli) and increased for six crops 
(tomato, green pepper, strawberry, alfalfa, orchard grass and 
timothy). The consistent effects suggested the probability 
of yield being affected by acidic rain depended upon the 
plant species as well as the part of the plant utilized. 
Foliar injury was not always related to effects on crop 
yield. The marked decreases in root yields of greenhouse-
grown radish (Lee et , 1981) were verified by other 
experiments (Evans et , 1982). Yield of alfalfa, wheat, 
and lettuce grown under controlled environmental conditions 
were markedly affected by simulated acid rain of pH between 
5.6 and 3.1 (Evans et , 1982). Forsline ^ (1983), 
while studying the effect of acid rain, observed no 
significant effects on apple seedlings unless the pH was 
below 2.75 as compared with controls (pH 5.6). Moreover, 
both leaf and seedling growth rates were not different 
between pH 7.0 and 2.75 when 14 plants per treatment were 
harvested after nine, once weekly rainfalls. The pH levels 
of ambient rainfalls did not affect fruit quality or 
production in grapes or apples. However, reductions in 
pollen germination, fruit setting and fruit quality were 
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observed below pH 3.1 for some cultivars (Forsline et al., 
1982, 1983). Simulated acid mists of pH 3.0 did not reduce 
growth rates of yellow birch even though all leaves exhibited 
some leaf pitting and curling. However, plant productivity 
and individual survival etc. may be determined by development 
and survival of reproductive organ as well as by cumulative 
injuries to foliage (Wood and Bormann, 1974). 
Particulate air pollutants and their effects on plants 
The pollutants called particulate matters are a 
conglomerate of chemically heterogeneous substances. The major 
particulate air pollutants are coal dust, flyash, lime dust, 
cement dust, soil dust and particulate matter from various 
types of metal processing. The important sources of 
particulates are production of coal, cement; combustion of 
coal, gasoline, and fuel oil; lime kiln operations; 
transporation; and construction etc. According to Das (1986) 
in the developing countries particulate air pollutants are 
the major problem. Particulate matters settle on plant parts 
and cause damage to the plants. Chlorosis, necrosis and 
death of tissue occurs when the heavy deposition of the 
particles occurs. Many particles are byproducts of 
agricultural practices and are usually inert (Darley and 
Middleton, 1966; Heck et al. , 1970) but some like cement 
dust is alkaline in nature and produces injury to plants in 
the close vicinity of its origin (Darley, 1966). Heck et 
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(197 0) noticed that high particulate emission from the 
different sources caused the reduction in quality of the 
vegetables and fruits growing close to the source. Colwill 
et (1979) observed deposits on the leaves of plants grown 
along the road-side with highly busy traffic. Such plants 
showed poor growth. 
There are numerous reports which show that dusts of 
varying origin interfere with stomatal functioning, mostly by 
filling and clogging the stomatal apperture (Ricks and 
Williams, 1974; Fluckiger et , 1978; 1979), increase leaf 
temperature and transpiration (Beasley, 1942; Eveling, 1969; 
Eller, 1977; Fluckiger et , 1978), reduce photosynthesis 
(Darley, 1966), and increase the uptake of gaseous air 
pollutants (Ricks and Williams, 1974). All these effects 
lead to poor growth of suffering plants. The |^ffects of 
various particulate matters on vegetation have been 
documented by many workers (Thomas et al. , 1952; Middleton 
et , 1958; Pack et , 1959; Schuck and Locke, 1970; 
Shimshon et , 1975). Most of the reports concerning 
harmful effects of cement kiln dust on plants stress the fact 
that crusts are formed on leaves, twigs, and flowers. 
Peirce (1910) and Parish (1910) noted in California that 
settled dust in combination with mist or light rain formed a 
relatively thick crust on upper leaf surfaces of affected 
plants. Peirce (1910) demonstrated that incrustration of 
cement kiln dust on citrus leaves interfered with light 
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required for photosynthesis and reduced starch formation. 
This was later confirmed by Czaja (1962) and Bohne (1963) in 
a variety of plants. Czaja (196 6) has presented good 
histological evidence that stomata of conifers may be plugged 
by dust, preventing normal gas exchange by the leaf tissue. 
Darley (1966) demonstrated that kiln-dust deposited on bean 
leaves in the presence of free moisture interfered with the 
rate of carbondioxide exchange, but no measurement of starch 
were made. McCune et (1965) reported an increase of 4mm 
tip burn on gladiolus exposed to cryolite (sodium aluminium 
fluoride dust). Observations made by Lerman (1972) with a 
scanning electron microscope revealed disorganisation of the 
cuticle on the surface of dust-dew treated bean plants. The 
break-down of the layer appeared first in the form of cracks 
which later developed into a mass of dust particles 
surrounded by peeled-off cuticular strips. Brandt and 
Rhoades (197 2) compared dusted and non-dusted forest 
communities in the vicinity of lime stone quarries and 
processing plants. The experimental site which was subjected 
to heavy dust fall showed significant changes in structure 
and composition of the seedling-shrub, sapling and tree 
strata. 
Direct effects of flyash on plants may include 
changes in the cuticular pattern of leaves, decrease in 
number and size of stomata and increase in length and density 
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of trichomes (Sharma, 1977). Jafri et (1979) compared 
the scanning electron micrographs of epidermal features of 
Syzyqium cumini leaves of plants collected from a non-polluted 
area with those from cement dust polluted area. They noted a 
conspicuous decrease in the size of epidermal cells and 
increase in the number of stomata of leaves in the plants 
from the polluted area. Yunus and Ahmad (1980) observed with 
respect to control plants higher densities of stomata and 
trichomes and smaller sizes of epidermal cells and trichomes 
in leaves of Psidium quajava collected from a cement dust 
polluted area. 
Prasad and Rao (1981) studied the phytotoxic effects 
of petrocoke particles on Phaseolus aureus plants. The 
petrocoke treated plants showed reduction in length of root 
and shoot; in number of leaves, nodules, flowers and pods; 
and level of phytomass production and net primary 
productivity. Pawar and Dubey (1982) studied the growth of 
wheat plants as affected by different proportions of flyash 
mixed with black cotton soil. They noted increases in plant 
height, dry matter production, and photosynthetic pigment 
with 20% flyash but at higher percentages the plant growth 
was retarded. Fail Jr. (1987) studied the use of flyash as 
amendment for strip mine soils under field conditions. Three 
plant species Agrostis tenuis var. Highlander, Festuca 
arundinaceae and Lespedaza cuneata were grown in strip mine 
plots. Biomass production ranged from 5 to 30 times higher 
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in flyash treated plots compared to untreated plots. No toxic 
effects to the plants were observed. 
AIR POLLUTA NTS AND PLANT PATHOGENS 
Sulphur dioxide (SO2) and Plant Parasitic Fungi 
Since SO2 affects crop plants variously, it is likely 
that organisms associated with the crops, depending for their 
sustenance partially or wholly on the plants may be affected. 
The studies conducted on these.aspects of air pollutant 
effects are mainly related to fungal plant pathogens. SO2 
usually inhibits the growth and development of plant 
parasitic fungi (Scheffer and Hedgcock, 1955; Linzon, 1958; 
Couey, 1965; Sharp, 1967; Skye, 1968; Heagle, 1973, 1982; 
Treshow, 1975). Industrial emissions containing SO2 have 
been found to decrease the incidence of foliar diseases 
caused by various fungi. Sulphur dioxide, before reaches the 
concentrations toxic to higher plants, profoundly alters the 
environment by excluding some elements of microflora through 
selective sterilization of leaf surfaces (Saunders, 1971). 
Kock (193 5) observed the absence of oak powdery mildew caused 
by Microsphaera alni near a paper mill in Austria. Later, 
Hibben and Walker (196 6) observed that lilacs grown in the 
polluted air of New York city and other urban areas often 
showed substantially less infection by the powdery mildew 
fungus, Microsphaera alni than lilacs in rural areas. The 
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rose black spot disease caused by Diplocarpon rosae was 
rarely present in areas where the daily average SO2 
concentration was greater than 0.0 4 ppm during the growing 
season but was frequently observed in areas with less SO2 
(Saunders, 1966). Saunders (1966) found that conidial 
germination of Diplocarpon rosae was inhibited at 3 5 ppm or 
more of aqueous SO2 • Under controlled conditions SO2 at 
100 ug/m^ markedly reduced infection of rose leaves after 
exposure for two days. The toxicity of SO2 to Rhizoctonia 
tuliparum at 4 ppm at 16 h exposures was reported by Mc Callan 
and Weedon (194 0) under cultural conditions. Couey (1965) 
observed that SO2 at 100-400 ppm concentrations impaired 
germination of Alternaria spores. Nelson (1958) reported the 
toxicity of SO2 against Botrytis cinerea at 1000-2500 ppm for 
30 min. He observed that toxicity of SO2 increased with 
increasing relative humidity. This was also found to 
increase about 1.5 times for each 10°C rise in temperature 
from 1-30°C (Couey and Uota, 1961). 
Bevan and Greenhalgh (1976) reported that Rhytisma 
acerinum causing common leaf spot disease of sycamore, tar 
spot, was absent in the area where SO2 concentration v/as 
greater than 85-90 ug/m^. This was recorded as biological 
indicator of SO2 pollution (Bevan and Greenhalgh, 1976; and 
Greenhalgh and Bevan, 1978). Scheffer and Hedgcock (1955) 
found that certain rusts like Melampsorella cerastii and 
Peridermium coloradense and the species of Phragmidium, 
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Melampsora and Gymnosporangium were almost absent from SO2 
polluted area although they were abundant in the surrounding 
SO2 pollution free areas. Johansson (1954) observed wheat 
rust caused by Puccinia graminis to be less prevalent in 
industrialized area than non-industrialized areas. Similar 
effects of SO2 on parasitism of wheat by P. graminis were 
reported by Laurence et (1979). Weinstein et al. (1975) 
reported that parasitism of bean leaves by rust fungus 
Uromyces phaseoli was inhibited by SO2. They also reported 
that exposure that decreased parasitism of bean by Uromyces 
phaseoli did not affect parasitism of tomato leaves by 
Alternaria solani. 
Heagle (1973) pointed out that mature fungal spores 
and hyphae are resistant even to very large doses of 
pollutants. However, fungi are known to be sensitive to the 
direct effects of relatively small pollutant doses during 
spore formation or during germination and penetration phases. 
Hyphae of different species vary in sensitivity to large SO2 
doses. Botrytis sp. (cinerea type) colonies on potato 
dextrose agar were very resistant. After 11 h of exposure to 
4.0 ppm SO2/ all cultures were still alive although growth 
was inhibited (Mc Callan and Weedon, 1940) . Dubey and 
Shevade (1982) studied the effect of SO2 on spore germination 
of five fungi including Fusarium moniliforme and Alternaria 
tenuis and observed an insignificant effect upto 3 ppm of S02-
Laurence (1979) has reported the inhibition of infection on 
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maize and wheat by Helminthosporium maydis and Puccinia 
qraminis, respectively when the plants were exposed to SO2. 
Wolfgang and Dieter (1983) observed that high concentrations 
of SO2 reduced the development of Erysiphe graminis f. sp. 
hordei on barley (0.5 - 2.5 ing/12 - 168 h), Puccinia pelargonii-
zonalis on geraniums (1.5 - 2.5 mg/18 - 2 0 h), Colletotrichum 
lindemuthianum on beans (0.5 mg/24, 48, 72 h) and Peronospora 
spinaciae on spinach (0.5 ing/24, 48, 72 h) . There are some 
reports which show that SO2 might facilitate infection of 
plants by aerial pathogens by its effect on increasing 
stomatal apperture (Williams et , 1971; Unsworth et al. , 
1972) . In the presence of SO2 more severe infections by 
Rhizosphaera kalkhoffii on pine needles (Chiba and Tanaka, 
1968) and Lopodermium piceae on spruce needles (Jancarik, 
1961) were recorded. The effects on parasitism of obligate 
and non obligate fungi in controlled experiments have been 
studied by several workers. The results generally 
substantiated the evidences from field observations that 
parasitism by obligate fungi was more sensitive to SO2 than 
other fungi. Weinstein et (1975) found that parasitism 
of bean leaves by the rust fungus, Uromyces phaseoli was 
inhibited by SO2 • Continuous exposures to 0.13 ppm of SO2 on 
the 8 days before inoculation or on the 7 days after 
inoculation caused foliar injury and decrease the number of 
pustules and their size and percent germination of spores 
produced on the exposed leaves. Similary, SO2 inhibited 
25 
parasitism of wheat by Puccinia graminis, but the type of 
wheat resistance to the rust was critical in the exposure of 
SO2 (Laurence et , 1979). Exposure of lilac leaves 
inoculated with Microsphaera alni during spore germination 
and penetration (0.40 ppm : continuous for 24 - 72 h) caused 
decreased germination, peratration and hyphae production 
(Hibben and Taylor, 1975). The number of Helminthosporium 
maydis lesions was decreased by 38% when maize plants were 
exposed to 0.15 ppm SO2 for 14 h daily (Laurence, 1979). 
Greater lesions of Scirrhia acicola occurred on needles of 
Scots pine seedlings exposed to 0.20ppm SO2 for 6 h at 5 days 
after inoculation (Weidensaul and Darling, 1979). 
Acid rain 
Acid rain is probably the most significant 
environmental factor influencing the weathering of plant 
tissues (Martin and Juniper, 1970; Purnell and Preece, 1971). 
Martin and Juniper (197 0) observed that weathered leaf 
surfaces exhibited increased surface wettability, often a 
critical factor in pathogen propagule survival and ingress. 
Weathered leaf surfaces pose a weaker barrier to direct 
penetration of pathogens. Acid rain might have both 
detrimental and beneficial effects on host plant physiology 
with respect to response to foliar plant pathogens (Shriner 
and Cowling, 1980). Acid precipitation might disturb or 
weaken defence mechanisms of plants by disturbing carbon and 
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nutrient metabolism. Plants, hov/ever, possess 
highly efficient anatomical and biochemical processes to 
respond to both environmental perturbation and pathogens 
ingress (Mc Laughlin and Shriner, 1980) . 
Bruck ^ (1981) reported a significant increase 
in anatomical resistant traits in loblolly pine seedlings 
exposed to low pH rain treatments both before and after 
inoculation with the fusiform rust pathogen. Simulated acid 
rain (pH 3.2) produced 86% inhibition of Cronartium fusiforme 
telia on willow oak (Quercus phellos) compared with pH 6.0 
under greenhouse conditions {Shriner, 1977) . The exposure of 
plant foliage to acid rain have in^lications for root 
diseases also. Many conditions that affect above ground 
plant parts modify quantities and compositions of root 
exudates which in turn cause changes in the biology of the 
rhizosphere (Rovira and Davey, 1974) . Changes in root 
exudates resulting from exposure to acid rain would alter 
microorganism interrelationships involving potential 
pathogens in rhizosphere or might alter pathogen responses to 
the presence of plant roots. Such situations may influence 
disease occurrence and intensity. Marx and Bryan (197 0) 
found that sporulation of Phytophthora cinnamomi and 
infection patterns in pine roots depended on qualitative 
characteristics of rhizosphere bacterial populations. Lawry 
(1977) studied the fungal populations in soils of sites 
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exposed to acid runoff from strip mines and found net 
decreases in fungal species diversities. Shafer et (1982) 
filled columns to different depths with fir nursery soil 
naturally infested with Phytophthora cinnamomi. After five 
consecutive daily exposures to simulated rains (pH 5.6, 4.0, 
3.2 or 2.4) average P. cinnamomi populations in the columns 
and the pH of effluent water from the columns varied directly 
with rain treatment pH and soil depth. 
Particulate air pollutants 
Impact of particulate air pollutants on fungal plant 
diseases and pathogens has gained, little study. Schonbeck 
(1960) dusted a field planting sugar beets biweekly at the 
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rate of 2.5 g/m and found that infection by the leaf-spotting 
fungus, Cercospora beticola was significantly greater than in 
non-dusted plots. He postulated that the lime dust altered 
the physiological balance and increased the plants 
susceptibility to infection. Sassafras and wild grape plants 
continuously exposed to emission of limestone dust in 
Southwestern Virginia were more susceptible to infection by 
Guignardia bidwellii and Gleosporium spp. the causal agents 
of leaf spot disease of grape and many other species 
(Manning, 1971). Sharp (1967) found that high ion 
concentrations in the atmosphere reduced germination of 
Puccinia striiformis urediospores. 
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Wong and Wong (1986) observed the effects of flyash 
treated sandy soil and sandy loam on soil microbial 
respiration. He found that microbial respiration was reduced 
with increasing flyash treatments in the sandy soil, whereas 
in the sandy loam a significant depression was only recorded 
at the highest ash addition. 
Air Pollutants and Plant Parasitic Nematodes 
Studies on impact of air pollutants on plant 
parasitic nematodes directly or through their host plants are 
relatively few. Bassus (1968) observed increase in the 
population of saprophagous and predacious nematodes in the 
forest areas, severely damaged by SO2 and alkaline 
particulate material. Weber ^ (1979) studied the 
response of plant parasitic nematodes to O^ and SO2/ singly 
and in mixture. Selecting five plant parasitic nematode 
species with different modes of parasitism, they exposed 
begonia and soybean plants infected with nematodes to SO2 
singly or in combination, and to charcoal filtered control 
air and found different responses of the nematodes to air 
pollutants. Exposure of infected soybean plants to and 
- SO2 mixture, inhibited reproduction and development of 
Heterodera glycines (sedentary endoparasite)and Paratrichodorus 
minor (ectoparasite) but Belonolaimus longicaudatus 
(ectoparasite) remained unaffected. Exposure of soybean to 
SO2 enhanced the reproduction of Pratylenchus penetrans 
(migratory endoparasite) compared with that in plants exposed 
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to the characoal filtered air or O^- Foliar injury of 
begonia by or O^ - SO2 mixture inhibited Aphelenchdides 
fraqariae (foliar migratory endoparasite). Suppressive 
effects on A. fragariae were greater in pre-exposure of 
leaves to O^ or - SO2 mixture than post- inoculation 
exposures. Shew et (1982) studied interactions between 
02»S02» and a nematode, Pratylenchus on tomato. The attack of the 
namatode enhanced the negative effects of O^ - SO2 on leaf 
growth but supprjessed the inhibitory effects of O^ - SO2 
mixture on axillary shoot growth. Shriner (1978), however, 
recorded decrease in root infection and reproduction of 
M. hapla on red kidney beans in field conditions, treated 
three times weekly with simulated acid rain at pH 6.0 or 3.2. 
He found that plants exposed to simulated acid rain of pH 3.2 
had 34% as many M. hapla eggs per root system and 48% fewer 
root galls compared to plants exposed to pH 6.0. Plant size 
and yield as well as soil pH were same of both group of 
plants. Bisessar and Palmer (1984) observed that in the 
ambient ozone exposure, 20% more galls developed on tobacco 
plants inoculated with root-knot nematode, M. hapla when 
compared with plants sprayed with antioxidant. Increase in 
dry weight of shoot, root and biomass of plants sprayed with 
antioxidant was also observed. These results indicated that 
antioxidant indirectly reduced gall development. Thus 
tobacco plants infected with M. hapla were found more 
susceptible to ambient O^. Bolla and Fitzsimmons (1988) 
studied the effect of simulated acid rain on Bursaphelenchus 
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xylophilus infection of pine seedlings. They found slight 
increase in oleoresin concentration and decrease in 
carbohydrate concentration in all seedlings treated with 
simulated acid rain. Decrease occurred in nematode 
reproduction and wilting of seedlings due to nematode 
infection was delayed. 
Root-knot Nematodes 
The root-knot nematodes, a common name collectively 
given to the species of Meloidogyne Goeldi, 189 2 cause knots 
(galls) on the roots of a viide variety of plants. Root-kaot; 
nematodes (Meloidogyne species) due to their world-wide 
distribution, extensive host range, and involvement with 
fungi, bacteria, and viruses in disease complexes are one of 
the major plant pathogens affecting the world's food 
production (Sasser, 1980). Four species of root-knot 
nematodes viz., Meloidogyne incognita, Meloidogyne javanica, 
Meloidogyne arenaria and Meloidogyne hapla have been 
recognized as major root-knot nematode species (Taylor, ^  , 
1982). Meloidogyne species are obligate plant parasites. 
Reproduction occurs only when second stage infective 
juveniles enter roots or other underground parts of a 
suitable host plant. They initiate development of giant cells 
on which they feed and develop into egglaying females. The 
eggs hatch and give rise to a new generation of infective 
second stage juveniles. The physiology of Meloidogyne 
infected plants is drastically altered and is reflected by 
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symptoms produced on the shoots and roots. Root alterations 
are very characteristic for this host parasitic combination 
(Hussey, 1985). However, above ground symptoms exhibited by 
infected plants are similar to those produced on any plants 
having a damaged and malfunctioning root-system. These 
include suppressed shoot growth and accompanying decreased 
shoot root ratio, nutritional deficiencies showing in the 
foliage particularly chlorosis (Hunter, 1958) . 
POWDERY MILDEWS 
Powdery mildews are one of the most conspicuous 
parasitic fungi on plants of economic importance. These are 
readily recognized by the powdery growth on the infected 
parts of the host. They are parasitic fungi having 
superficial mycelium with haustoria in the epidermal cells of 
the host. They show abundant growth during comparatively low 
temperature and high humidity. Their conidia germinate 
without external water supply due to their high water content 
and they produce dark superficial perithecia. Powdery mildew 
of cucurbits is a serious disease and causes considerable 
loss to a number of cucurbitaceous crops grown in India. 
Symptoms initially appear as sparsely distributed amphyphyllous 
white circular patches which gradually coalesce and spread to 
cover the entire laminar surfaces with a white, fluffy 
powdery mass of superficial mycelium and conidia. Later 
similar developments are also noticed on stems. Three 
powdery mildew species viz. Sphaerotheca fuliginea (Schlecht.) 
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Poll., Erysiphe cichoracearum DC. and Leveillula taurica 
(Lev.) Arnaud. are well established causal organisms of the 
disease on cucurbits on world wide basis. Of these S. 
fuliqinea and E. cichoracearum are more ccanmonly encountered 
on cucurbits in different parts of the world; S. fuliginea is 
apparently more prevalent (Khan, 1983). 
Air pollution through industries is becoming 
increasingly common in India- Thermal Power Plants, oil 
refineries, and other small industrial units using fossil 
fuel are major sources of air pollution in India. A variety 
of crops including cucurbits are grown around such 
industries, which might suffer a great loss in case one or 
other disease becomes more aggressive under specific 
pollutant conditions. Brennam and Leone (197 0) suggested two 
view points that how the disease affects the response of 
plant to the pollutants and how the pollutants modifies the 
progress of disease by modifying the external chemistry of 
the host, altering the quantity and quality of host exudates 
including changes in exterior barriers to infection or 
altering the chemical environment of the host surface and 
virulence of pathogens. Pollutant pathogen interaction might 
involve either the pathogen or host alone, but rather a more 
obscure action upon their relationship. Air pollution 
effects on crop plants and plant diseases are new and 
developing area of research and information available are 
still scanty. Interaction of air pollutants and plant 
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parasitic nematodes and obligate fungal pathogen have not 
received the attention of investigators in India and only a 
few attempts have been made in some developing countries. 
Therefore, the present investigations have been carried out 
with a view to evaluate the influence of sulphur dioxide, and 
particulate air pollutants on root-knot nematode, M. javanica 
and powdery mildew fungus, fuliqinea development and 
interaction among them and their effect on the growth 
performance of cucumber. 
SECTION I 
Experiment 1 
IMPACT ASSESSMENT OF AMBIENT AIR POLLUTION ON INCIDENCE AND 
INTENSITY OF POWDERY MILDEW AND ROOT-KNOT DISEASES ON 
COCDRBITS 
A Thermal Power Plant at Kasimpur using coal as fuel 
is known to cause air pollution. A number of cucurbits are 
commonly grown in outdoor field plots surrounding the Thermal 
Power Plant. In the present study, the impacts of ambient 
air pollution caused by combustion of coal in the Thermal 
Power Plant/ Kasimpur on cucurbit crops grown in its vicinity 
and incidence and intensity of root-knot and powdery mildew 
diseases on the cucurbits were assesed by making periodic 
surveys. For comparative asessments the University 
Agriculture Farm area, about 16 km away from the Thermal 
Power Plant in south-west direction, was assumed as 
uppolluted. Surveys were conducted during November 1985-May 
1986, October 1986-May 1987 and March 1988-June 1988. During 
the surveys, samples of cucurbits were collected and examined 
for incidence and intensity of powdery mildew and root-knot 
diseases and for symptoms apparently induced by air 
pollution. The pathogens involved were identified and air 
pollution induced symptoms were characterized. Soil samples 
collected during the surveys were processed to study their 
physico-chemical characteristics. The data on meteorological 
conditions and geographical set-up of the area and data 
related to the Thermal Power Plant, Kasimpur were collected 
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from the Meteorological Department, Government of India and 
Executive Engineer, Thermal Power Plant, Kasimpur, respectively. 
MATERIALS AND METHODS 
The pollution source 
The Thermal Power Plant, Kasimpur was selected as 
source of pollution for the present study. Three power 
houses (A, B and C) with 90, 210 and 230 MW capacity respec-
tively, comprise the Power Plant Complex . ( F i g & 2). The coal 
used as fuel is bituminous type. 
Geographical set-up 
The Thermal Power Plant, Kasimpur is situated in 
Aliyarh district of Uttar Pradesh, north of Ganga-Yamuna doab 
within the parallels 27°29' and 28°11' North latitude and 
77°29' and 78°38' East longitude. It is 195.12 meters above 
the sea level. On the northern border of Kasimpur town, the 
Upper Ganges canal flows which supplies water to the Power 
Plant. The place is about 16 km in the north-east of Aligarh 
city situated between 27°59' N and 28°3' North latitude and 
78°8' East and 78°93' East longitude about 187 meters above 
the sea level (Fig. 3 ) . 
Meteorological data 
The meteorological data of the area where the 
Thermal Power Plant, Kasimpur is situated in relation to 
temperature, relative humidity and rainfall were collected 
Fig. 1- Thermal Power Plant 'A' 
Fig. 2. Thermal Power Plant "B* & 'C 

-li 
ALIGARH DISTRICT 
F ^ D I S T R I C T BOUNDARY 
[ 2 3 TAHSIL BOUNDARY 
PARGANA BOUNDARY 
78 
26-
Fig. 3. Geographical map of district Aligarh, U.P. 
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from the Meteorological Department, Government of India, 
Aligarh. 
Soil characteristics 
To assess the effect of air pollution on the physico-
chemical characteristics of soil, soil samples were collected 
by soil auger from surface to 30 cm depth from different 
sites in the polluted area i.e./0.5, 1, 2, 5 and 10 km away from 
the Thermal Power Plant towards the windward direction 
(West-East) and from the unpolluted area, University Farm 
(16km) Aligarh in November, 1985. Each sample consisted of 
five sub-samples collected at random. The samples were 
properly marked and packed in polythene bags and brought to 
laboratory. Physical characteristics like soil texture, 
porosity, water holding capacity and chemical properties like 
pH, conductivity, cation exchange capacity, and organic 
matter, carbonate, bicarbonate, and sulphate content were 
determined employing standard methods (Jackson, 1958; Chopra 
and Kanwar, 1982). 
Survey, collection and identification of pathogens 
Surveys were conducted to determine the incidence 
and intensity of powdery mildew and root-knot diseases on 
cucurbits growing in the air polluted area around the Thermal 
Power Plant, Kasimpur and unpolluted area (University 
Agriculture Farm area during November 1985-May 1986, October 
1986-May 1987 and March 1988-June 1988. Sampling was done at 
different distances i.e., 0.5, 1, 2, 5 and 10 km away from the 
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stack, source of pollution, in all four directions (E, W, Nand 
S) and from unpolluted area (University Agriculture Farm). 
Five to 10 root samples for root-knot, and leaf samples for 
powdery mildew, from each locality depending upon the 
availability of the cultivated field plots, were collected in 
polythene bags. Samples properly packed in polythene bags 
and labelled were brought to laboratory for further 
examination. Each sample was closely examined for the 
presence of infection and incidence (per cent frequency of 
occurrence) of both powdery mildew and root-knot disease in 
different localities of an area was calculated by the 
following formula : 
No. of field plots with 
,„. infection „ inn Frequency of occurrence (%) = * 
No. of field plots 
surveyed 
The leaf samples were further examined for the 
extent of infection and the disease intensity was graded as 
follows: 
No visible disease symptoms = No infection (disease free) 
Pustules few, small in size = Mild infection 
and scattered 
Pustules many,larger in size = Moderate infection 
tending to coalesce 
Big pustules covering almost = Severe infection 
the entire leaf area 
Identification of powdery mildew species was totally 
based on anamorph (conidial stage) characters, since no 
teleomorphs (perithecial stage) were found. Anamorph 
characters considered were shape and dimension of the 
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conidia, presence or absence of fibrosin bodies in conidia 
and mode of conidial germination and morphology of the germ 
tubes (Khan, 1983; Ballantyne, 1975). For fibrosin bodies, 
conidia from each sample were mounted on glass slide in 3% 
KOH examined under the microscope (Kable and Ballantyne, 1963) . 
Absence and presence of fibrosin bodies in the conidia were 
noted. Dimensions (length x width) of 200 conidia from each 
samples were measured and shape of the conidia was noted. For 
germination, conidia from each sample were dusted on clean 
dry slides. The slides were placed on glass triangle kept in 
a petriplate containing distilled water at the bottom. 
Then;aff±er petriplates were kept in an incubator (20 + 2°C) . 
After 24 h of incubation, slides were examined microscopically 
and per cent germination of conidia and morphology of the 
germ tubes and development of appressoria were examined and 
noted. 
The root samples of cucurbits collected from each 
field were thoroughly washed and examined for the presence of 
galls and egg masses. The number of galls and egg masses of 
each root system were counted. To highlight the egg masses 
for easier counting, roots were immersed in aqueous solution 
of phloxin 'B' (0.15 gm/liter tap water) for 15 minutes. 
Depending upon the number of galls/egg masses, gall index 
(GI) and egg mass idex (EMI) were rated on 0-5 scale (Taylor 
and Sasser, 1978) as follows: 0 = Nil; 1 = 1-2; 2 = 3-10; 
3 = 11-30; 4 = 31-100 and 5 = >100 galls or egg masses. 
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The intensity of the disease was evaluated based on 
GI and EMI ratings. 
To identify the species of Meloidogyne/ twenty mature 
females were dissected out from large galls on the roots of 
cucurbits obtained from each field sample and their perineal 
patterns were prepared and examined under the microscope to 
study their characteristics and species were identified 
accordingly (Eisenback et / 1981). 
Air pollution symptoms 
The leaves of the samples of cucurbits collected 
during the surveys were examined closely in the laboratory 
for detecting symptoms known to be caused by various air 
pollutants on plants. The symptoms when present were 
characterized and noted and compared with the symptoms given 
in 'Recognition of Air Pollution Injury to Vegetation : A 
pictorial altas' (Eds. J.S. Jacobson and A.C. Hill), Air 
Pollution Control Association Pittsburgh, Pennsylvania, 197 0. 
Histopathological analysis of root-knot infected roots 
Roots of cucurbits infected with root-knot nematodes 
collected during the survey were analysed for histopathological 
details like size of giant cells, number of nuclei present in 
each giant cell, and size of mature females. Root pieces 
with galls of similar sizes were collected and fixed in 
F.A.A. (5:5:90) and dehydrated by tertiary butyl alcohol 
series, infiltrated and embedded in paraffin wax. Transverse 
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and longitudinal sections of 10 um thickness were serially 
cut with a rotary microtome and stained with safranin and 
fast green and mounted in Canada balsam (Johansen, 19 40) . To 
determines the cross sectional areas (size) of females of the 
nematode and giant cells, mature females were dissected out 
from the root and mounted in glycerine. Giant cells induced 
by the females were observed under light microscope. The 
outlines of each mature female and giant cell were drawn on 
tracing paper using camera lucida. Their tracings were cut 
out and weighed (Wj^ ) and were transformed to area by calli-
bra tion with the weights of similar paper of 100 sq micron (W2) 
in area. Thus the area of the female nematodes and giant 
cells were denoted (Bird, 1970) as 
"2 
X 10 s q . / i 
RESULTS 
Meteorological data 
The meteorological data obtained from the 
Meterological Department, Government of India showed that 
Kasimpur and the sorrounding areas have a dry and tropical 
monsoon type of climate with seasonal rhythm marked by the 
North-East to South-West monsoon. The year is divisible into 
three principal seasons viz. winter (November-March) summer 
(April-June) and rainy season (July-October). During the 
period 1985-87, for which the meteorological data are 
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reported (Figs. 4a, 4b & 4c), the lowest minimum temperature 
during winter was 7.17°C. The highest temperature during 
summer season was 43.50°C. The rainfall was lowest in 
summer and highest during rainy season. Highest rainfall 
(210.40mm) was in July. During winter the highest rainfall 
was 15.84 mm. The relative humidity was high during winter 
(56.56-78.04%) and rainy season (66.4 - 80.68%). The wind 
speed was highest in summer and lowest in winter season. The 
usual wind direction is West to East. 
Fuel consumption 
The Thermal Power Plant, Kasimpur consists of 
three (A, B and C) power houses with 90, 210 and 230 MW capacity 
respectively. The bituminous type of coal used in the 
plant, is mainly obtained from Bhurkunda, Gidi 'A* Gidi 'B', 
West Sirka, Kendra, and Sauda collieries of the state of 
Bihar. The coal are of generally slack grade 'B' and 'C. 
The moisture content of the coal ranges between 
2.60 - 4.67%, ash content 26.83 - 33.42%, volatile matter 
25.62 - 28.63%, fixed carbon 37.99 - 42.43%, gross calorific 
value 4982.77 - 5673.54 K. cal/kg and useful heat value 
3878.38 - 4914.81 K. cal/kg (Table 1). 
The annual coal consumption (January - December) in 
the year 1985, 1986 and 1987 in Powerhouse 'A' was 255206.26 MT; 
161131.46 MT and 182921.51 MT; in Powerhouse 'B' was 632028 MT; 
628239 MT and 659170 MT; in Powerhouse 'C 606986 MT, 616501 MT 
and 989841 MT respectively (Tables 2, 3 & 4)
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Physico-chemical characteristics of soil 
The soil texture of samples collected from the 
sampling sites i.e.,0.5, 1, 2, 5 and 10 km away from the stack 
of the Thermal Power Plant, Kasimpur the source of pollution, 
towards windward direction (west to east) was sandy loam 
type. In the unpolluted area, the soil was classed as loamy 
sand. There was slight difference in the porosity of the 
soils collected from polluted (0.5, 1, 2 km) and unpolluted 
(10 and 16 km) areas (42.72-54.28%) with an average of 45.85%. 
However, at 0.5 km distance, porosity was higher (54.28%). 
Similary, water holding capacity slightly differed (3 3.60-
50.22%) with an average of 37.82%. At 0.5km distance, it was 
however, higher (50.22%). Soil pH ranged between 6.8 and 7.6 
in the polluted area whereas it was 7.7 in unpolluted area. 
The soil conductivity, C.E.C, and organic matter content were 
higher at 0.5 km than at 1, 2, 5 and 10 km from the Thermal 
Power Plant. Percentage of sulphate ranged between 3.47 and 
5.72 in polluted area against 3.16 in the unpolluted area. 
Carbonate ranged between 0.095 and 0.120% in polluted area 
against 0.102% in the unpolluted area, whereas bicarbonate 
ranged between 0.462 to 0.854% in polluted area against 
0.441% in unpolluted area. Chloride ranged from 0.2 48 to 
0.5 68 in polluted area against 0.265 in the unpolluted area 
(Table 5) . 
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Air pollution symptoms 
Cucurbits like ashgourd (Benincasa hispida (Thunb.) 
Cogn.)/ watermelon (Citrullus lanatus (Thunb.) Mansf.)/ 
roundmelon (tinda) (Citrullus vulgaris var. fistulosus 
Stewart.), muskmelon (Cucumis melo L.), cucumber (Cucumis 
sativus L.), pumpkin (Cucurbita maxima Duch. ex Lam.), bottle 
gourd (Lagenaria siceraria (Molina.) Stand.), sponge gourd 
(Luffa cylindrica (L.) Roem.) were found growing around the 
Thermal Power Plant. Chlorosis of leaves and marginal 
necrosis and intercostal necrosis were observed on Citrullus 
lanatus, C. vulgaris var. fistulosus, Cucurbita maxima and 
L. siceraria within the range of 2 km radius from the source 
of pollution in all the directions. But the symptoms were 
more prominent upto 5 km towards windward direction (West-
East) (Figs. 5-10). However, presence or absence of the 
symptoms and their intensity varied v/ithin the distance from 
poution source and direction. At the same time, symptoms 
were more on older leaves than younger ones. Beyond 5 km 
symptoms were not detected on cucurbit crops. 
Incidence and intensity of the diseases 
Powdery mildew was found on C. melo, and C. maxima 
during 1985-86 and on C. melo, C. maxima, L. siceraria and 
C. sativus in 1986-88 during in cropping seasons. In general, 
the incidence and intensity of the disease were comparatively 
low in polluted area around the Thermal Power Plant compared 
Figs. 5-10. Chlorosis, necrosis and leaf margin burnings 
on leaves of cucurbits collected from the 
polluted area in the vicinity of Thermal 
Power Plant, Kasimpur. 
5. Laqenaria siceraria 
6. Luffa cylindrica 
7. Cucurbita maxima 
8. Citrullus lanatus 
9. Citrullus vulgaris var. fistulosus 
10. Coccinia grandis 
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with the unpolluted area, 16 km away. The incidence and 
intensity of the disease, however, showed a gradual increase 
with an increase in the distance from the stack, the 
pollution source(Figs-11 & 12).Lowest incidence and intensity of 
the disease were recorded within a range of 3 km. 
Particulates like coal dust and flyash were deposited in 
considerable amount and formed a layer of crust over the 
surface of the leaves within 3 km distance (Fig. 7). Such 
leaves showed apparent damage on leaf surface in the form of 
necrosis. This trend was noticed in all the three years of 
survey. 
Root-knot disease was recorded on L. siceraria, 
C. melo, C. sativus, C. maxima, L. cylindrica, C. lanatus and 
C. vulgaris var. fistulosus both in polluted and unpolluted 
areas. The incidence of the disease between polluted and 
unpolluted areas did not show variation. There was, however, 
difference in intensity of the disease. Cucurbits infected 
with root-knot nematodes within 0.5, 1, 2km in polluted areas 
showed higher GI (4-5) than the cucurbits infected in 
unpolluted area (Figs.13-15). This pattern was consistently 
observed on almost all cucurbits found infected during the 
surveys. Concomitant infections of root-knot nematode and 
powdery mildew were observed on a number of cucurbits. In 
general, concomitant presence of both the diseases on 
cucurbits was more common in unpolluted than in polluted 
area. 
Figs. 11 A 12o Powdery niildew on Lagenacia siceraria J11) 
and Cucurbita m^ima (12) collected I's-om 
field plots 10 km avMy from the pollution 
source. 
aij.s' 
Figs» lJ-15. C-ac'dirbit roots iafected •'nxth icoot-knot 
nematode collected from the polluted area 
in the vicinity of Thermal Power Plants 
Kasimpur. 
13« Ciicdrbita majtima 
14. Lageuaria siceraria 
15. Cucumis oelo 
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Pathogens 
Sphaerotheca fuliginea (Schlecht.) Poll. was 
invariably found causing powdery mildew on all the cucurbits 
collected from polluted and unpolluted areas during the 
survey. However, Erysiphe cichoracearum DC. was also found 
to be present on B. hispida (Thunb. ) Cogn. and on a wild 
cucurbit, Coccinia grandis (L.) Voigt. Since the teleomorphs 
of the powdery mildews were absent from all the samples 
examined/ their identifications were based on anamorph 
characters. The conidial dimensions of powdery mildew did 
not differ between polluted and unpolluted areas but there 
was a slight difference in the conidial dimensions within the 
cucurbits depending upon the host. However, the conidia 
collected from the samples within the range of 0.5,1 and 2 km 
from the source (stack) showed poor germination in comparison 
to samples collected from 5km away (Table 6). 
Root-knot nematode, Meloidogyne incognita (Kofoid 
and White) Chitwood, M. javanica (Treub) Chitwood and 
M. arenaria (Neal) Chitwood were the species causing the 
root-knot disease on the cucurbits sampled during the survey. 
Meloidogyne incognita and M. javanica were more common. 
Meloidogyne arenaria was less frequent. Meloidogyne incognita 
and M. javanica were more frequent than M. javanica and these 
two species were frequently encountered together on the same 
root systems of different cucurbits (Table 7). 
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T a b l e 6 . Powdery mildew d i s e a s e on cucurbi ts around the Thermal Power P lant , Kaslmpur. 
Dis tance Direct ion Degree of Con ld la l Germl-
from the from the Crop Infect ion Species d i m e n s i o n s na t lon Frequency Symptoms 
p o l l u t i o n p o l l u t i o n ( um ) ( % ) ( X ) 
source source Average 
( km ) 
0 . 5 East C l t ru l lus l a n a t u s Mil - - -
Cucumls melo mild Sf 2 4 . 1 0 x 1 1 . 7 0 12.3 Chloros i s 
Cucurbi t s maxima irlld Sf 2 7 . 6 0 x 1 2 . 4 0 10.0 15.0 and m a r g i n a l 
- n e c r o s i s . 
L a g e n a r l a s l c e r a r l a mild Sf 27 .10x12 .90 6 . 4 
Lufta c y l l n d r l c a Nil - - -
0.5 West B e n l n c a s a h l s p l d a mild E C 2 0 . 3 0 x 1 0 . 2 0 11 .3 
C l t ru l lus l a n a t u s Nil - - -
Cocclnia g r a n d l s mild Ec 2 0 . 1 0 x 1 0 . 0 0 10.0 23 .0 
Cucurblta maxima mild Sf 2 7 . 2 0 x 1 2 . 3 5 8 . 9 - do -
L a g e n a r l a s l c e r a r l a mild Sf 28 .50x12 .90 12.1 
0 . 5 North - - - -
0 . 5 South Cl tru l lus l a n a t u s Nil _ _ Chloros is 
and Inter 
C l t ru l lus l a n a t u s v a r . NH - - - c o s t a l 
f l s t u l o s u s n e c r o s i s 
Cucumls melo moderate Sf 2 3 . 4 0 x 1 1 . 0 0 16.4 13.0 
L a g e n a r l a s l c e r a r l a moderate Sf 30 .10x12 .50 ' 14.8 
Luf fa c y l l n d r l c a Nil - - -
1 .0 East C l t r u l l u s l a n a t u s Nil - - - Chloros i s 
Cucumls melo Nil - - - with necrot i c 
Cucumls s a t i v u s mild Sf 2 4 . 5 0 x 1 0 . 5 0 13.30 10.0 p a t c h e s 
Cucurblta maxima Nil - - -
1 .0 West C l t r u l l u s l a n a t u s Nil - - -
Cucurbi ta maxima mild Sf 2 6 . 0 0 x 1 1 . 2 0 11 .90 20 .5 Chloros i s 
1 . 0 North C l t r u l l u s l a n a t u s mild Sf 2 3 . 1 0 x 9 . 9 19.70 20 .0 Chloros i s 
1 . 0 South Cucurblta maxima moderate Sf 2 6 . 8 x 1 1 . 5 10.00 Marginal 
L a g e n a r l a s l c e r a r l a moderate Sf 2 7 . 0 0 x 1 2 . 1 0 15.33 26 .3 n e c r o s i s with necrotic 
Lufta c y l l n d r l c a Nil - - - p a t c h e s . 
2 . 0 Eas t C l t r u l l u s l a n a t u s Nil _ _ _ Chloros i s 
and necrot lS 
Cucumls melo moderate Sf 25 .00x12 .30 19.70 p a t c h e s on 
Cucumls s a t i v u s Nil - _ _ 11.50 l e a v e s . 
L a g e n a r l a s l c e r a r l a mild Sf 3 0 . 3 0 x 1 4 . 2 0 20.50 
2 . 0 West - - - - -
2 . 0 N o r t h Cltru l lus l a n a t u s N i l - - - No v i s i b l e 
C l t ru l lus l a n a t u s N i l - - - - symptoms 
v a r . r K t u l o i u i 
2 . 0 South Cucurblta maxima mild Sf 2 7 . 5 0 x 1 2 . 0 0 20.13 Chloros is 
L a g e n a r l a s l c e r a r l a moderate Sf 28 .60x12 .60 12.80 30.00 
Lutta c y l l n d r l c a Nil - - -
Contd . . . 
Continued Table 6 
5 2 
Dis tance 
from the 
p o l l u t i o n 
source 
( km ) 
Direct ion 
from the 
po l lu t ion 
source 
Crop 
Degree of Conldlal Germl-
Infec t lon Species dimensions nation Frequency Symptoms 
( urn ) ( % ) ( % ) 
Average 
5 . 0 East C l t r u l l u s l a n a t u s Nil -
Cucumls melo moderate Sf 25 .70x12,10 19.90 19.0 Marginal 
Cucurbl ta maxima moderate Sf 26.90x12.80 24 .00 necros i s 
5 . 0 West - - - - - - - • 
5 . 0 North - - - - - - -
5 . 0 South B e n i n c a s a h l s p l d a moderate EC 32 .10x13 .20 30 .20 Necrotic 
Cocc ln la g r a n d l s 
Cucumls s a t l v u s 
moderate 
s e v e r e 
Ec 
Sf 
30.50x12.80 
30 .20x16 .20 
25.10 
26 .40 40.5 
patches on 
leaf s u r f a c e 
Cucurbl ta maxima s e v e r e Sf 28 .90x14.60 20.17 
L a q e n a r l a s l c e r a r l a moderate Sf 28 .40x12 .30 20 .40 
Luffa c y l l n d r l c a Nil - - -
10 .0 East - - - - - - -
10 .0 V/est C l t r u l l u s l a n a t u s mild Sf 27 .50x13 .40 31.38 Chlorosis 
Cucumls melo s e v e r e St 25 .30x12.30 26.64 62 .0 
L a q e n a r l a s l c e r a r l a s e v e r e Sf 28 .00x12 .20 33 .08 
10 .0 North Cucurbl ta maxima s e v e r e Sf 28 .20x12 .00 39.45 50 .0 • Necrotic 
patches 
10.jO South Cucumls melo moderate St 26 .50x14.40 37 .30 
72.5 
Poor growth 
of p l a n t s Cucurbl ta maxima moderate Sf 31 .00x17 .20 40 .70 
Control West 
( impo l lu ted 
a r e a ) 
B e n i n c a s a h l s p l d a 
C l t r u l l u s l a n a t u s 
moderate 
mild 
Ec 
Sf 
30 .50x13.10 
28 .50x13.90 
43 .36 
23.30 
Poor growth 
of p lant and 
necrot ic 
16 Cuaumls melo s e v e r e Sf 24 .80x13.30 40 .50 70 .0 patches on 
the s u r f a c e 
of the l e a v e s Cucumls s a t l v u s moderate Ec 24 .20x10 .20 32.17 
Cucurbl ta maxima s e v e r e Sf 30 .60x15.10 52 .90 
L a q e n a r l a s l c e r a r l a s e v e r e Sf 27 .30x12.40 46.25 
Sf = Sphaero theca f u l l g l n c a 
Ec = E r y s l p h e c l c h o r a c e a rum 
• Absent 
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Table 7 . l!oot-knot d l s e a o c on c u c u r b i t s around the Thermal Power P l a n t , Koslmpur. 
I n t e n s i t y & Inc idence 
Distance 
from the 
p o l l u t i o n 
source 
( km ) 
Direct ion 
from the 
po l lu t ion 
source 
Crop Species GI EMI Frequency 
( % ) 
Symptoms 
0 .5 East C l t r u l l u s l a n a t u s _ _ Chloros i s and m a r g i n a l 
Cucumls melo Ml + Mj 5 4 n e c r o s i s 
Cucurblta maxima Wi • Mj 5 5 64 .4 
Laqenar la s l c e r a r l a Ml Mj 4 3 
Luffa c y l l n d r l c a - - -
0 .5 West B e n l n c a s a h l s p l d a - - - Chloros i s and m a r g i n a l 
C l t r u l l u s l a n a t u s _ n e c r o s i s 
40 .5 
Cucurblta maxima - - -
Caqerran'a siceracia rfiV Mi 5 < 
0 . 5 North - - - -
0 .5 South C l t r u l l u s l a n a t u s - - C h l o r o s i s , i n t e r c o s t a l 
C l t r u l l u s l a n a t u s v a r . _ _ _ n e c r o s i s and poor p l a n t 
f l s t u l o s u s growth 
Cucumls melo Ml MJ A 3 38 .0 
L a q e n a r l a s l c e r a r l a Ml ¥ Mj 3 3 
Luffa c y l l n d r l c a Ml Mj 3 
1 .0 East C l t r u l l u s l a n a t u s _ _ Chloros i s wi th necrot i c 
Cucumls melo Mj • Ml 5 t. p a t c h e s on the s u r f a c e 
50 .20 of l e a v e s Cucumls s a t l v u s Ma • Mj 5 5 
Cucurbl ta maxima 
1 .0 West C l t r u l l u s l a n a t u s Ma Mj 3 2 20 .80 
Chloros i s 
Cucurblta maxima - - -
l .C North C l t r u l l u s l a n a t u s - - - - -
1.0 South Cucurbl ta maxima - - -
L a q e n a r l a s l c e r a r l a Ml • Mj I, 3 23.50 Margina l n e c r o s i s with 
Luffa c y l l n d r l c a necrot ic p a t c h e s , suppr -
" e s s e d growth of p l a n t s . 
2 .0 East C l t r u l l u s l a n a t u s Ml 3 2 Necrot ic p a t c h e s on l e a v e s 
Cucumls melo Ml • Mj 3 
41 .5 
Cucumls s a t l v u s Ml 5 U 
L a q e n a r l a s l c e r a r l a Ml Mj 5 3 
2 .0 West - - - -
2.0 North C l t r u l l u s l a n a t u s - - -
Cltru l lus l a n a t u s v a r . _ _ _ 
f l s t u l o s u s 
2 .0 Souty Cucurbl ta maxima - - - Chloros is 
Laqenar la s l c e r a r l a Ml Ma 3 32 .0 
Luffa c y l l n d r l c a Ml Ma I, 2 
Contd . . . . 
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Continued Table 7 
Dis tance Direct ion 
from the from the 
p o l l u t i o n p o l l u t i o n 
source source 
( km ) 
Crop 
I n t e n s i t y & I n c i d e n c e 
Spec ies GI EMI Frequency 
( % ) 
Symptoms 
5 . 0 East Cl tru l lus l a n a t u s - - - Marginal n e c r o s i s 
Cucumls melo Ml + MJ 3 2 4 0 . 0 
Cucurbita maxima Ml + Mj 3 1 
5 . 0 West - - - - -
5 . 0 North - - - - -
5 . 0 South Benincasa h l s p l d a Ml A 2 Necrotic p a t c h e s on l ea f 
Cl tru l lus l a n a t u s Mj + Ml 1 0 s u r f a c e and poor growth of p l a n t s 
Cucumls s a t l v u s Ml + Mj l. 4 
52 .0 
Cucurbita maxima Ml + M. • Ma 4 3 
Lagenar la s l c e r a r l a Ml 4- Mj 4 3 
Luffa c y l l n d r l c a Mj 2 0 
10 E a s t - - - - -
10 West Cl tru l lus l a n a t u s - - - Chloros is 
Cucumls melo - - 34 .0 
Laqenar la s l c e r a r l a Mi Mj 3 2 
10 North Cucurbita maxlmla - - -
10 South Cucumls melo - - - -
Cucurbita maxima - - - -
Control West Benincasa h l s p l d a Mj + Mi 5 5 Chloros i s and poor 
(Unpol luted 
a r e a ) Cl tru l lus l a n a t u s Mj • Ml 5 3 
growth of p l a n t s . 
16 Cucumls melo Ml Mj 2 
60 .5 
Cucumls s a t l v u s Mj * Ma 4 
Cucurbita maxima Mj • Ma 5 S 
Laqenar la s l c e r a r l a Mj Mi 3 6 
GI Gal l Index Ml = Meloldoqyne I n c o q n l t a 
EMI = Eggmass Index Mj = Meloldoqyne j a v a n i c a 
- = Absent Ma = Meloldogyne a r e n a r l a 
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Histopathological studies 
Microscopic examination of series of microtome 
sections of roots of L. siceraria, C. melo, and C. maxima 
infected with root-knot nematodes and collected from polluted 
area (within 3 km range) showed that giant cells 
(hypertrophied cells) induced by sedentary females of the 
nematodes were larger in size than in unpolluted area. But 
their number around each female head in polluted areas was 
comparatively less than unpolluted areas. The number of 
giant cells around each female head in polluted area ranged 
from 3-5. Average number of nuclei in each giant cell ranged 
between 6 and 52. The number of giant cells in unpolluted 
was 3-9 and nuclei in each ranged from 3-40. Giant cells in 
both areas were thick walled with granular cytoplasm, 
multinucleate, and nuclei aggregated in centre of dispersed 
in the giant cells. The size of sedentary mature females in 
both polluted and unpolluted areas did not vary significantly 
(Table 8). In other morphological details of the females, no 
difference between polluted and unpolluted areas was found. 
Other anatomical abnormalities such as development of 
abnormal xylem, destruction of phloem and cortical tissue, 
development of hyperplastic tissues were more or less similar 
in both the areas. 
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DISCUSSION 
Air pollution caused by the coal-fired Thermal Power 
Plant, Kasimpur has recently been recognized as a potent 
hazard to growth of some vegetable crops and waste land weeds 
(Gupta, 1981; Amani, 1982; Ghouse and Khan, 1983). Air 
pollution induces chronic or acute injuries on plants 
depending on the concentration and duration of the exposure 
(Davis 1973; Rao 1977). These chronic and acute injuries may 
be expressed in the form of certain characteristic symptoms 
mainly on foliage (Jacobson and Hill, 1970). In the present 
observations around the Thermal Power Plant, Kasimpur, 
cucurbits like C. maxima, C. melo, C. sativus, L. siceraria, 
C. lanatus and L. cylindrica growing within a radius of 4 km 
exhibited symptoms like chlorosis marginal necrosis and 
intercostal necrosis of leaves. The symptoms were more 
prominent at 0.5 and 1km in all the four directions. In the 
windward direction (West to East) the symptoms v/ere observed 
upto 5 km but not in other directions. The symptoms showed 
by the crops depend upon the pollution level which is known 
to be influenced by wind speed, wind direction and distance 
from the stack (Smith 1968; Thakre and Aggarwal, 1987). The 
occurrence of more intense air pollution induced symptoms 
closer to the source (0.5 and 1km distance) than other sites 
indicated the direct relationship of ambient pollution levels 
with appearance and intensity of the symptoms. Additionally, 
for the same reasons, in the windward direction, the symptoms 
could appear even uyto 5 km. Evidences from several studies 
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show that air pollutants enter leaves through stomata and 
cause injuries directly to leaf tissues or interfere bio-
chemically in photosynthesis (Mudd and Kozlwski 1975; Pell, 
1979; Carlson, 1983; Heck et , 1986). Air pollution 
monitoring data (Expt. 2) showed that S02and NO2 along with 
the particulates, mainly flyash, are the' pollutants in the 
ambient air of the Thermal Power Plant, Kasimpur. SO^ and 
NO2 singly or in combination cause browning and chlorosis of 
leaves of green plants (Taylor and Eaton, 1966; Barrett and 
Benedict, 197,0). SO2 causing bleaching, phaeophytinization and 
photo oxidation of leaf pigments (Varshney, and Garg, 1979) 
would have induced chlorosis of cucurbit leaves. SO2 and 
NO2 acting synergistically might have caused more prominent 
responses in the form of visible symptoms. In addition, 
deposition of flyash on leaves, by increasing transpiration 
and uptake of gaseous air pollutants reduced absorption of 
solar light, and reduction in pigment content of leaves due 
to long term exposure possibly aided in browning and 
chlorosis of leaves of cucurbits. 
Continuous addition and deposition of flyash and 
coal dust particles of varying sizes changed the physical 
properties of the soil around the power plant. Soil texture 
was changed and soil porosity increased. The particulates 
added to the soil adsorb available soil water (moisture 
content) and retain for longer durations. Flyash and coal 
dust deposition changed certain chemical properties of soil 
such as lowering of pH value, increase in conductivity, 
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cation exchange capacity, organic matter content. Flyash 
also contains several mineral elements and certain heavy 
metals (Kamath, 1979; Druzina ^ , 1982; Helder et al. , 
1982; Wong and Wong, 1986). These changes in the soil 
characteristics should influence the plants growth, soil 
microorganisms and soil-borne plant pathogens. 
Root-knot nematodes, M. incognita, and M. javanica 
were frequently encountered associated with the roots of most 
of the cucurbits. M. arenaria occurred less frequently. 
M. incognita and M. javanica are among the major species of 
root-knot nematodes and are most widely distributed (Sasser, 
1980). The incidence of the root-knot disease between 
polluted and unpolluted areas in all directions, did not show 
much variation. The variation in the intensity rated on GI 
and EMI, however, shows that the severity of the disease was 
influenced by the level of pollution. Root-knot nematodes 
are obligate parasites of root and possess little motility. 
Their females become sedentary and establish very specialized 
host-parasite relationship by inducing development of giant 
cells which serve as source of their nutrition. Since they 
are soil- borne pathogens, parasitising roots, the factors 
influencing soil characteristics which affect their host 
plant are very critical for their biology. The increased 
soil porosity due to addition of particulates to soil might 
have favoured the movement of infective second stage juveniles 
in the soil (Sasser, 1954; O'Bannon and Reynolds, 1961) and 
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have promoted greater root ingress. Similarly, increased 
water holding capacity might have aided their greater 
penetration (Van Gundy, 1985) . The greater penetration of 
juveniles in turn caused greater root galling and egg mass 
production. The larger size of giant cells and greater 
number of nuclei in each giant cell observed in roots from 
polluted area, particularly within 2 km distance indicates 
that the nematodes on the pollution stressed plants induced 
greater hypertrophic effects. 
Sphaerotheca fuliguiea was identified as the most 
commonly occurring powdery mildew fungus on the cultivated 
cucurbits in the area. This fungus is recognised as 
commonest and widely distributed pathogen causing powdery 
mildew disease on cucurbits (Ballantyne, 1975; Sitterly, 
1978; Khan, 1983). The ambient air pollution adversely 
affected the powdery mildew disease. The incidence and 
intensity were increased with increasing distance from the 
stack. The lowest incidence and intensity of the disease was 
recorded within 3 km range from the stack. Powdery mildew 
fungi are obligate parasites and depend on the epidermal 
cells of host foliage for their nourishment and 
establishment. Being foliar parasites, the powdery mildews 
are in a very exposed position with regard to both gaseous 
and particulate pollutions. Sensitivity of powdery mildew to 
sulphur and its compounds is well known. In the vicinity of 
Power Plant coal dust and flyash deposit on leaf surface also 
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formed a crust which apparently injures the cuticle. Czaja 
(1962) stated that crust formation on the leaves due to 
deposition of cement dust caused severe injury including 
killing of pallisade and parenchyma cells. Lerman (1972) in 
a scanning electron microscope studies showed disorganization 
of the cuticle on the surface of coment-dust dew treated beam 
plants. The breakdown of the layer appeared first in the 
form of cracks which later developed into a mass of dust 
particles surrounded by peeled-off cuticular strips. Flyash, 
in general, alkaline in nature and contains excessive amount 
of soluble salts (Mishra and Shukla, 1986). The crust formed 
due to deposition of particulates on the cucurbit leaves 
might have damaged the cuticle which in turn would have 
affected the infection and establishment of hostparasite 
relationships of the powdery mildew. Formation of particulate 
crust also increases surface temperature of leaves which 
would inhibit conidial germination. The direct inhibitory 
effect of SO2 on the pathogen and indirect effect through the 
damaged leaf surface tissues interfering in germination and 
establishment of host-parasite relationships may be 
implicated as reasons for low incidence and intensity of the 
powdery mildew disease on the pollution stressed plants which 
showed a correlation with the pollution level regulated by 
the distance from the point source. 
The concomitant presence of root-knot and powdery 
mildew diseases reduced growth of plants and vigour greatly 
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compared with plants infected by either of the pathogens 
alone in both polluted and unpolluted areas. It seemed that 
both the pathogens when present simultaneously under field 
conditions, exhibit synergistic effect on host which reflects 
into greater growth reduction in plants and lower yield. 
SECTION I 
Experiment 2 
INTERACTION OF AMBIENT AIR POLLUTION, ROOT-KNOT NEMATODE 
MELOIDOGYNE JAVANICA AND POWDERY MILDEW SPHAEROTHECA 
FOLIGINEA ON CUCUMBER 
The interaction of ambient air pollution caused by 
the Thermal Power Plant, Kasimpur, root-knot nematode, 
M. iavanica and powdery mildew, S. fuliginea was studied on 
cucumber in artificial inoculations at two study sites in 
open wire net houses located at 0.5 and 2 km away from the 
stack of the Thermal Power Plant in east-ward direction. The 
air pollution monitoring for determining the concentration of 
SO^, NO^ and suspended particulate matter during the 
experimentation period was done at both the sites. 
MATERIALS AND METHODS 
Tv70 sites in the polluted area designated as site 1 
(S^) and site 2 0-5 ^^^ ^ away respectively from 
the stack of the Thermal Power Plant, Kasimpur, the source of 
ambient air pollution, and a site designated as control site 
(C) 16 km away from the Kasimpur at the Agriculture Farm, 
Aligarh Muslim University (unpolluted) were selected as the 
study sites (Fig. 16). An open wire net house at each site 
was fabricated for the study. 
Air pollution monitoring 
Air pollution monitoring was done at sites (Sj^/S^) 
of study, at fortnight intervals during winter and summer to 
KOIL T A H S I K ALIGARH ) 
w-
UPPER GANGES CANM. 
RAILWAY TRACK 
ROADS 
FIG. 16. Layout map of experimental sites. 
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determine the ambient concentrations of S02» NO^ and 
suspended particulate matter (SPM) and flyash deposition. 
Samplings were done by a high volume air sampler (Envirotech, 
New Delhi) using impingers. The sampled air was analysed 
according to the procedures mentioned in the course Manual of 
National Environmental Engineering Research Institute (NEERI)/ 
Nagpur, India (Anon., 1986) . 
Sampling of air 
The sampling of air was done at the rate of 2 lit. 
air/min. for 4 h by using different absorbing media for 
different gases. Potassium tetrachloromercurate (KTCM) 
solution was used as absorbing medium for SO2 and sodium 
hydroxide-sodium arsenite solution for NOj• 
The suspended particulate matter was collected over 
Whatman microfilter paper of grade GF/A. 
Analysis of SO2 
Concentration of SO2 in the samples was determined 
by West and Gaeke Method (1956). 
a. Standard curve 
Standard sodium metabisulphite was pipetted in 
graduated amounts such as 0.1, 0,2, 0.3, 0.5, 0.7, 0.9, 1.0, 1.1, 
1.2, 1.5 ml for containing 1, 2, 3, 5, 7, 9, 10, 11, 12, 15 ug SO2 
respectively, into a series of impingers of graduated Nessler 
tubes. Absorbing medium was added into tubes to make to 
volume 10 ml. In the blanks, 10 ml of absorbing medium was 
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added. Then 1 ml sulphamic acid (0.6%), 2 ml formaldehyde 
solution (0.2%), 5 ml rosaniline hydrochloride solution (0.2%) 
were added one by one and after addiny each, the solution was 
shaken gently. Thereafter, the volume in each impinyer was 
maintained with double distilled water to 25 ml. After 
30min. but before 60min. the transmittance was determined at 
5 50 nm in spectrophotometer- A standard curve was drawn 
between transmittance and concentration of SO^-
b. Estimation 
Ten ml of absorbing medium with sampled air was 
taken in an impinger and 1 ml sulphamic acid, 2 ml 
formaldehyde solution and 5 ml rosaniline hydrochloride 
solution were added one by one after adding each, the 
solution was shaken gently. After 30 min. transmittance was 
determined at 5 50 nm in spectrophotometer. In the control 
(blank) in place of absorbing medium with sampled air, 
absorbing medium without any air was taken. The SO2 in ug 
was determined by placing the transmittance (%) in calibrated 
standard curve, the corresponding value (SO2 in ;iag) was found 
out. SO2 in pg/m^ was calculated according to the following 
formula : 
.3 
3 /ig SO X 10 S02;ug/m = Vol. of air sampled (lit.) 
Volume of air sampled =Flow rate of air x time of sampling. 
SO2 PPm = " 
M X 10 
M = Molecular weight of S02-
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Analysis of NO2 
NO2 was estimated by Jacobs and Hochheiser method 
(1958) . 
a. Standard curve 
0.2, 0.4, 0.6, 0.8 and 1.0 ml of standard sodium 
nitrite solution was added to 35 ml of absorbing reagent 
contained in 50 ml Nesler tube followed by the additional one 
drop of 1% hydrogen peroxide, 10 ml of sulphanilamide solution 
and 1.4 ml of coupling reagent (NEDA); Side by side the 
control was also run. Nessler tubes were shaken after each 
addition and allowed to remain at stand for 10 min. for 
colour development. Thereafter, transmittance (%) was read 
at 540 nm. and a curve was drawn between concentration and 
transmittance (%). 
b. Estimation 
Ten ml of absorbing medium with sampled air was 
taken in a Nessler tube. One ml H2O2 (1%), 10 ml of 
sulphanilamide solution and 1.4 ml NEDA solution were added 
in the Nessler tube. Side by side in control (blank), 
absorbing medium without any air was used. Tubes were shaken 
and allowed to remain at stand for 10 min. for the 
development of colour. Transmittance (%) was determined at 
540 nm. and the concentration of NO2 was estimated from the 
standard curve. Nitrogen dioxide concentration in yug/N02/ni^ 
was calculated as follows : 
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3 >ug NO^ X 50 ^g NO^/m = V X 0.82 
where, 50 = Volume of absorbing reagent used in sampling (ml) 
V = Volume of air sampled (m^) 
0.82 = Factor for collected efficiency. Concentration 
of NO2 was converted into ppm as follows : 
ppm N02/m^ = (Aig NO^/m^) x 6.32 x lO"'^  
Suspended particulate matter (SPM) 
Amount of SPM mg/m^ of air was determined by the 
high volume air sampler. The initial weight (W^) of a 
Whatman microfilter paper of grade GF/A of specific size 
(25.5 X 20.3 cm) was taken after keeping it into a desiccator 
for 12 h. Thereafter, the filter paper was fitted in the air 
sampler at the sampling site. The air sampler was run for 8 h. 
After sampling, said filter paper was carefully folded and 
placed into an envelope and brought to the laboratory and 
kept in desiccator for 12 h and final weight taken. 
SPM mg/m^ of air was calculated according to following 
formula : 
Weight of SPM (W) = ~ 
SPM mg/m^ = x 10^ 
Volume of air sampled 
Volume of air sampled = Flow rate x Time of sampling 
Particulate matter fall 
The amount of particulate matter fall (flyash 
deposition) at the polluted sites were determined. Oven 
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dried ylass jars after weighing (W^) were placed at the 
sampling sites on the stand 1 m above the ground level 
guarded by grill frame. The upper portion of jar as well as 
of grill frame were kept open to allow particulate fall. In 
the jar 1 lit. distilled water was added. This volume of 
water was maintained in jar for one month. After one month 
jars were brought to the laboratory and water was evaporated 
by keeping in an oven. The weight of the jar having 
particulate matter (W2) was taken and the total particulate 
2 matter fall per m was calculated (Rao, 1971). 
^ ^ ^ ^^ , 2/ .. _ g. particulates x 30 Particulate matter g/m /month= Z — £ AC X n 
2 ' 2 where, AC = m cross sectional area (TTr ) of the jar mouth. 
n = No. of days for which the jar was exposed. 
Plant culture and treatments 
Surface sterilized seeds of cucumber, Cucumis 
sativus L. (cv. Point Sett) were sown in 30 cm clay pots 
filled with steam sterilized soil (field soil, sand, compost, 
7:3:1). After 10 days, seedlings were thinned to one in each 
pot. Pots for various treatments were divided into three 
sets. A set of pots of the treatments were kept at the three 
different sites of study - C, S^, S2. Pots were irrigated 
whenever required. Inoculations were done when the seedlings 
were three week old. Each treatment was replicated five 
times and pots were arranged in randomized complete block 
design at all the three sites. Treatments at each site were 
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as follows : 
Tj^  = Plant (untreated) 
T2 = Plant + M. javanica 
T^ = Plant + S. fuliqinea 
T^ = Plant + M. javanica + s. fuliqinea (simultaneously) 
Experiment was terminated 55 days after inoculations. The 
data were subjected to analysis of variance and L.S.D. at 
P=0.05 and P = 0.01 were calculated. 
Root-knot, nematode 
a. Culturing of M. javanica 
Single egy mass culture of M. javanica was raised on 
eggplant roots in glasshouse. Single egg mass of M. javanica 
was added to pots, containing sterilized soil, near the roots 
of young eggplant seedling. Inoculated pots were maintained 
in glasshouse at 30°C. Sub-culturing was done approximately 
every 2 to 3 months by inoculating new eggplant seedlings 
with atleast 10 egg masses, each obtained from the culture 
raised in glasshouse in order to maintain sufficient inoculum 
for use in experiments. 
b. Preparation of inoculum and inoculation 
Egg masses collected from roots of eggplant 
maintaining pure population of M. javanica, were incubated in 
coarse sieve (6 cm diameter) fitted with double layered 
tissue paper and placed on Baermann funnel containing water. 
The sieves were then placed in an incubator, (temp. 30°C) . 
After 7 2 h, hatched juveniles were collected from the funnel 
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in a beaker and number of juveniles per ml was standardised 
by counting the juveniles from ten, 1 ml samples and the 
average number was used to represent the number of juveniles 
per ml. After counting, the nematode suspension containing 
2 000 J2 was pipetted out and added in the pots by making the 
holes, 3-4 cm deep around plants within the radius of 2 cm and 
the holes were plugged with soil soon-after inoculation. 
Powdery mildew 
a. Culture 
Powdery mildew infected cucurbit leaves were 
collected from field and brought to laboratory for identi-
fication. Based on anamorph (conidial stage) characters, the 
powdery mildew in the samples was identified as Sphaerotheca 
fuliqinea (Ballantyne,1975; Khan, 1983). The leaves infected 
with S. fuliginea were used to inoculate the healthy cucumber 
plants raised in glasshouse and the culture was maintained 
during experimental period. 
b. Inoculation 
Inoculation of cucumber seedlings with S. fuliqinea 
maintained in glasshouse, was done by dry dusting of conidia 
on the leaves. Inoculated plants were regularly watched for 
the development of disease during the period of experiment. 
Parameters 
a. Plant growth and yield 
At the termination of experiments, plant length 
(shoot + root), fresh and dry weights of shoot and root of 
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plants from each treatment were determined. Total length of 
plants was measured from terminal bud to the end of tap root 
with the help of meter scale. For determining the dry 
weights of shoot* root of each plant from the treatments, 
plants were wrapped in blotting sheets and dried in hot air 
oven at 80°C for 48 h and then weighed. Number of flowers 
and fruits were recoreded by counting their number per plant. 
b. Chlorophyll content 
For estimating chlorophyll content of fresh cucumber, 
leaves from different treatments of the experimentr leaves 
were cut in approximately 3 mm segments. The leaf segments, 
1 g in weight were crushed in 50 ml 80% acetone and crushed 
material was filtered through Whatman No. 2 filter paper in 
Buchner funnel with the help of suction pump. The filtrate 
was transferred to lOOir.l volumetric flask and the volume was 
made up to capacity with 80% acetone. The transmittance (%) 
was read at 645 and 663 nm in spectrophotometer. The amount 
of chlorophyll, a, b and total chlorophyll was determined as 
mg/g fresh weight according to formula of Maclachlan and 
Zalik (1963). 
Galls and egg masses 
Root samples of plants inoculated with M. javanica 
were washed with tap water and examined for the presence of 
galls and egg masses and their number was counted by visual 
observation. 
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Fecundity 
For determining the number of eggs per egg mass ten 
mature egg mases were selected at random and treated with 
20 ml of NaOCl (2%) solution and stirred vigorously for one 
minute. When the eggs had released from gelatinous matrix of 
the egg masses, total number of eggs present in the solution 
was determined by counting the eggs per ml with the help of 
Hawksley counting slide. Mean number of eggs/egg mass was 
calculated as follows :• 
„ ^ / Total No. of eqqs in the solution No. of eggs/egg mass = ^ — No. of egg masses taken 
Female population of nematode 
To determine the fanale population of nematode, root 
from each nematode inoculated plants were blended with 200 ml 
of water in a waring blender at low speed for 30 seconds and 
the resultant suspension passed through coarse and 10 0 mesh 
sieves in order to separate root tissue. The total female 
population of nematode in the suspension was counted with the 
help of counting dish. Total number of female nematodes in 
the suspension was divided by the weight of each root system 
to derive the population per gram root. 
Conidial dimensions and fibrosin bodies 
Conidia from each powdery mildew treated plants were 
mounted in KOH (3% solution (Kable and Ballantyne, 196 3) 
over a glass slide and dimensions (length x width) of 200 conidia 
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from each sample were measured with the help of ocular 
micrometer. Number of fibrosin bodies present in each 
conidium was also recorded. 
Conidial germination 
For germination, conidia from each sample were 
dusted on clean dry glass slides and the slides were placed 
on glass triangle kept in a petriplate containing distilled 
water at the bottom. Petriplates were kept in an incubator 
at 20 + 2°C. After 24 h of incubation, slides were examined 
microscopically and percent germination of conidia was 
determined by counting the germinated conidia in five 
microscropic fields. 
RDSDLTS 
Air quality 
Air pollution monitoring for major pollutants was 
done for two seasons (winter and summer) around the Thermal 
Power Plant, Kasimpur at two sites i.e. site-I (S^) and 
site II (S2) about 0.5 and 2 km away from the stack 
respectively in usual windward direction (W-E). The ambient 
air of the power plant contained ' suspended 
particulate matter (SPM) and flyash. In winter, the 
concentration of SO^i NQ^ and SPM at S^ ranged from 
0.0064-0.164; 0.0039-0.099 ppm and 0.314-3.046 mg/m^ with an 
average of 0.082, 0.049 ppm and 1.680 mg/m^ respectively, 
whereas at S2the ranges were 0.0 026-0.059, 0.0011-0.032 ppm 
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and 0.137-2.683 mg/m^ with an average of 0.030, 0.016 ppm and 
3 1.410 mg/m respectively. 
In general, the concentration of the pollutants was 
greater at S^ than S2 (Table 1) . The deposition of 
particulates, mainly flyash and small amount of coal dust and 
2 soil particles was also greater at Sj^  (389.15 mg/m /month) 
2 than S2 (210.75 mg/m /month) (Table 1). 
In summer, the concentration of SO2/ NO2 and SPM at 
S^ was 0.0059-0.158; 0.0031-0.096 ppm and 0.432-4.210 mg/m^ 
with an average of 0.076, 0.04 2 ppm and 2.24 0 mg/m^ 
respectively. At S2 they ranged from 0.0 021-0.058; 
0.0009-0.324 ppm and 0.265-4.980 mg/m^ with an average of 
0.026, 0.140 ppm and 2.670 mg/m^, respectively. The 
2 
particulate deposition was 453.05 mg/m /month at S^ ^ and 
2 280.5 6 mg/m /month at S^-
In general, the concentration of gaseous pollutants 
(SO2 and NO2) was greater in winter in comparison to summer 
season and on the other hand, the concentration of 
particulate pollutants (SPM and flyash) was greater in summer 
than in winter (Table 1). 
Symptoms 
Cucumber plants uninoculated and inoculated with the 
fungus and the nematode individually and concomitantly 
exhibited variable degree of symptoms on foliage at both 
control and polluted (S^ ^ and S^) sites. Uninoluted plants at 
unpolluted control site, showed no symptoms while at polluted 
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site yellowing or chlorotic symptoms on leaves. Chronic 
symptoms were visualized after exposure of plants to 
sublethal concentration of ambient air pollutants for three 
weeks in a form of a few flecks of injury in brown colour 
over the surface of leaves. At the control site, plants 
inoculated with fungus alone and in combination with nematode 
showed yellowing and chlorosis of leaves. Surface necrosis 
of fungus invaded tissue was also observed. At polluted 
sites, chlorosis and bleaching of interveinal areas of leaves 
were observed and bleached interveinal areas turned brownish 
later. The symptoms were more pronounced at S^ than S2 
irrespective of treatments. However, foliar injury at 
polluted sites was greater perticularly in plants inoculated 
with nematode than fungus. 
Plant growth 
Unionoculated plants grovm at unpolluted control 
site were significantly (P <0.01) greater in all considered 
growth parameters including flowers and fruits per 
plant and chlorophyll content of leaves when compared with 
polluted sites. At polluted sites (Sj^  and S2)/ all the 
parameters were significantly (P <0.01) smaller. But the 
differences in chlorophyll content of leaves in uninoculated 
plants grown at S^ and S2 were not significant. 
Meloidoqyne javanica and S. fuliginea individually 
caused significant (P<0.01) plant growth reductions when 
compared with uninoculated plants grown at unpolluted control 
7 7 
site. M. javanica caused greatest reductions in growth in 
all considered paremeters (P <0.01) at S^ ^ followed by S2 and 
unpolluted control site. 
In contrast to nematode, S. fuliqinea caused 
significantly greatest reduction in plant growth, flowering, 
furiting and chlorophyll content of leaves at unpolluted 
control site (P<0.01) followed by S^ ^ and S2. At unpolluted 
control site, the combined inoculation of M. javanica and 
S. fuliginea synergistically reduced plant growth, number of 
flowers and fruits per plant and chlorophyll content. The 
reductions in growth caused by M. javanica and S. fuliqinea 
when present simultaneously was (P <0.01) greater than sum of 
the reductions caused by M. javanica and S. fuliginea 
individually. Higher reductions in chlorophyll content of 
leaves were also recorded in concomitant inoculation in 
comparison to plants inoculated with either of the pathogens 
alone. At polluted sites, sum of the reductions caused 
either by M. javanica or S. fuliginea was not greater than 
the reductions caused by both the pathogens concomitantly . 
Number of flowers and fruits per plant were decreased 
(P <0.01) at Sj^  and S2 in comparison to control site 
irrespective of treatments, the reductions being greater at 
S^ than S2 (Table 2). 
The chlorophyll content of plants inoculated either 
with M. javanica or S. fuliginea separately or concomitanly 
at control site and polluted sites was dec^jSas^-T^iU.^^ 
the reduction being greater at Sj^  
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unpolluted control site. The plants inoculated with 
M. javanica and S. fuliginea concomitantly showed marked 
decrease in chlorophyll a, b and total chlorophyll at all the 
three sites. However, chlorophyll content of plants 
inoculated with S^ . fuliginea alone and in combination with 
M. javanica at unpolluted control site, S^ and S2 did not 
differ. 
Root-knot disease 
At the control site, plants inoculated with 
M. javanica and S. fuliginea simultaneously exhibited 
(P<0.05) greater galling, egg mass production, fecundity and 
number of females perg root in comparison to plants inoculated 
with the nematode alone. Similar trend was also observed at 
Sji^  and S2/ but the difference between treatments at each site 
were not significant. Number of galls per plant and female 
population of the nematode per g root were greater (V<0.05) at 
Sj^  followed by S2 and (P <0.01) control site. Egg mass 
production and fecundity were also greater (P <0.01) at 
control site than S^ ^ and S2 (Table 3). The number of egg 
masses per plant and number of eggs per egg mass were 
significantly reduced at the polluted sites. In general, 
under the stress of ambient air pollution, root galling was 
enhanced and fecundity and egg mass production by the 
nematode were suppressed (Table 3). 
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Powdery mildew 
The disease intensity (in terms of infected leaf 
area) caused by fuliqinea was greater at the control site 
than the polluted sites. Conidial dimensions were also 
greater at control site than at and 82' However, there 
was no significant difference in the dimensions of conidia 
between S-j^  and S2. Number of fibrosin bodies per conidium 
was greater at control site on plants inoculated with the 
fungus alone or with nematode and fungus together, than at 
Sj and S2. Per cent infection of leaf area at the polluted 
sites was reduced significantly (P < 0.01) in comparison to 
unpolluted site. At the control site, 40-50% of leaf area 
was covered with white powdery mass while at the polluted 
sites the powdery growth was poor and about 18-25% of leaf 
area showing small isolated patches in the form of discrete 
colonies particularly over the abaxial surface of leaves. 
Conidia collected from the control site showed greater % 
germination (P <0.01) than those obtained from the polluted 
sites at S^ and S2' No significant difference was observed 
between S^ and S^ (Table 4). 
DISCUSSION 
The ambient air pollution caused by the coal fired 
Thermal Power Plant, Kasimpur adversely affected the plant 
growth, leaf pigment and flowering and fruiting of cucumber 
at both the polluted sites S-^  and S2. These effects in 
general were greater at S^ than 82/ the greater pollution 
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level at Sj^  (Table 1) was apparently responsible for the 
differences in the effects. Variation in the concentrations 
of air pollutants between the two sites was apparently ccaused 
by the difference in distances of the sites from the point 
source. Distance from point source along with height of the 
stack, wind direction and speed, and topography of the area 
are regarded as controlling factors for determining the 
concentration of air pollutants (Smith, 1968; Thakre and 
Aggarwal, 1987). Appreciable growth reductions as observed 
in present study caused by SO2 and NO2 have been found in 
several studies conducted in ambient and artificial exposure 
conditions. The damaging effects of these gaseous air 
pollutants increase with the increasing concentration 
(Reinert, 1984; Olsozyk and Thompson, 1985; Heck and 
McLaughlin, 1986; Heck et , 1986; Lechowicz, 1987; Miller, 
1987). Sulphur dioxide and oxides of nitrogen and 
particulates are mainly produced by the use of fossil fuel in 
power plants (Wood, 1968, Carleson, 1983). The reduction in 
chlorophyll content (chlorophyll, a, b and total chlorophyll) 
of cucumber suggested interference of the air pollutants in 
photosynthesis and synthesis of the pigments or caused their 
destruction. SO2 and NO2 are reported to reduce photosynthesis 
and chlorophyll content of leaves (Mudd and Kozlowski, 1975; 
Ziegler, 1975; Heath, 1980; Lauenorth and Dodd, 1981). Air 
pollutants particularly SO2 after entry through stomata are 
converted into toxic forms which cause injury to leaf tissues 
and chloroplasts. Sulphur dioxide also causes photoxidation 
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of chlorophyll molecules (Nieboer ^ , 1976), bleaching or 
phaeophytinization by degrading chlorophyll molecule to 
photosynthetically inactive form phaeophytin (Rao and 
LeBlanc 1966; Varshney and Garg, 1979). These effects 
would reflect in photosynthetic activity of the affected 
plants. On the other hand particulate deposition of the leaf 
surface reduce the quantum of light reaching to leaf area, 
that may affect the photosynthesis and add to the reduced 
growth and yield of plants (Mark, 1963; Rao, 1971; Borka, 
1980; Mishra and Shukla, 1986). This altered physiological 
and structural conditions would ultimately lead to its poor 
growth and low chlorophyll content (Suwannapinunt and 
Kozlowsky, 1980; Irving and Miller, 1984). Flowering and 
fruiting are influenced by sublethal exposures to SO2 
(Varshney and Garg, 1979). Reductions in flowering and 
fruiting by air pollution have been observed by several 
workers in various plants (Amundson, 1983; Whitmore and 
Mansfield, 1983; Irving and Miller,1984). Diminished pollen 
fertility and growth of pollen tube and particulate 
deposition on the surface of stigma might have hampered 
pollen germination and fertilization. Poor plant growth 
would have also contributed towards the poor flowering and 
failure of fertilization resulting in reduced fruit setting 
(Linzon, 1978). 
Meloidogyne javanica which caused reductions in 
growth, yield, and chlorophyll content in cucumber at both 
8 5 
polluted and unpolluted sites attacks a wide range of crop 
plants and causes reduction in their growth and yield. 
(Sasser, 1980; Sasser and carter, 1982). The reduction in 
plant growth results from dysfunctioning of the absorption 
and water conducting system of infected plants because of 
various anatomical and biochemical changes induced by the 
nematode. The nematode being a sedentary - and obligate 
endoparasite obtains nutrients for sustenance from the host 
plant and in turn plant suffers from various elemental 
deficiencies and shows poor growth and yield (Malek and 
Jenkins, 1964; Edongali and Ferris, 1980). In such plants, 
due to suppression of root growth and damage caused to the 
vascular system, absorption and conduction of water and 
mineral elements are impaired. The cucumber plants growing 
under the stress of ambient air pollution at S^ and S2 might 
have become more susceptible to the nematode because of 
reduced vigour and poor growth, resulting into increased root 
gall formation. Female nematode per gram of the root was 
greater as compared to control inoculated plants. Apparently 
the total number of juveniles penetrating the roots was not 
affected under the stress of ambient air pollution. The 
nematodes, on subsequent invasion, could not receive adequate 
nutritional requirement from the host for their proper 
establishment and their reproductive capability and fecundity 
were seemingly suppressed. The availability and quality of 
nutrients from the root tissue might be of greater importance 
in the host-parasite relationship. 
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A significant decrease in the development of 
S. fuliqinea on cucuittoer o b s e r v e d at both the polluted sites 
Sj^  and S2 apparently resulted from inhibitory effect of the 
pollutants and the fungus being ectophytic on the leaf 
surfaces was in exposed p o s i t i o n with regard to both gaseous 
and particulate pollutants. The air pollutants, SO2 in 
particular, might have affected the f ungus directly by 
affecting their biological activities or indirectly through 
causing morphological, physiological amd: biD'='Chemical changes 
in the host which ultimately influenced the development of 
fungus on the leaf surface. The physico-chemical characteristics 
of the environment into which a pollutant is released, 
affects its chemical form influencing the availability and 
toxicity of the pollutant to fungus development. The 
environmental factors which may alter the toxicity of gaseous 
and particulate pollutants include pH, RH, moisture content, 
aeration, light, temperature (Babich and Stotzky, 1982). 
Other abiotic factors such as concentration of pollutants, 
the length of exposure also influence the successful 
establishment of powdery mildew fungus on the leaf surface. 
Moreover, fungi are known to be sensitive to the direct 
effects of relatively small concentration of gaseous 
pollutants during spore formation of the leaf surface or 
during germination or penetration phase (Heagle, 1973). 
Inhibition of growth, alterations in biochemical activities 
and reproductive potentials of the fungus as a result of its 
exposure to gaseous and particulate pollutants might have 
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responsible for poor growth and development of the fungus in 
ambient air pollution at S^ ^ and S2 sites. 
Therefore, the air pollutants of Thermal Power Plant 
origin, adversely affect the growth of broad leaved plants 
like cucumber as well as inhibit the growth and development 
of obligate parasites like fuliginea and M. javanica 
directly by affecting their biological activities and 
indirectly by modifying physiological and biochemical changes 
in the host. 
SECTION II 
INTERACTION OF SO2/ POWDERY MILDEW SPHAEROTHECA FULIGINEA, 
AND ROOT-KNOT NEMATODE MELOIDOGYNE JAVANICA IN ARTIFICIAL 
EXPOSURES 
Coal burning is recognised as a major contributor to 
air pollution, accountiny presently for some 60% of the 
sulphur dioxide pollution (Rohrman and Ludwig, 1965). SO^ is 
known to be toxic to vegetation and reduces crop production. 
Air pollutants influence the development of plant diseases. 
Air pollutant stressed plants become predisposed to infection 
by certain plant pathogens (Treshow, 1968; Parmeter and Cobb, 
1972). In addition, the air pollutants may be directly toxic 
to the plant pathogens specially to those causing diseases on 
foliage and other aerial parts of plants, or the effect may 
be host-mediated particularly on root parasites. These 
effects may impair growth and reproduction of the pathogens, 
thereby reducing the disease severity or may influence them 
positively increasing the disease severity. 
Therefore, in this section three experiments were 
conducted separately to study the interaction of SO^, 
S. fuliginea and M. javanica on cucumber in artificial 
treatment conditions. In the experiment one, interaction of 
SO2 with S. fuliginea , in the second interaction of SO2 with 
M. javanica, and in the third interaction of SO2 with 
S. fuliginea and M. javanica together were examined. In 
addition, effect of SO2 on conidial viability, germination 
and germ tube length of S^ . fuliginea, and effect of SO^ on 
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juvenile hatching and root penetration of M. javanica were 
also studied. The materials and methods of the experiments 
are given separately for each except the description of 
exposure chambers and exposure procedures. The results are 
also presented separately. The dispussion, however, is 
combined for all the three experiments of this section. 
MATERIALS AND METHODS 
The description of the chambers and SO2 generator 
used for exposure of plants and estimation of SO2 and 
exposure procedures are given below. Other methods specific 
for each of the three experiments are given with respective 
experiments. 
byncunic state exposure chamber 
Dynamic state exposure chambers (Standard Appliances, 
Varanasi, India) designed for long, continuous exposure of 
test materials to a mixture of air and gaseous pollutant 
flowing through the chamber were used for the interaction 
studies. The chamber was made up of transparent lucite 
2 
sheets with height of 12 0 cm and 810 0 cm cross sectional area. 
Sheets were fixed in aluminium sections frame (A) coated with 
hard paint. The front of the chamber was provided with a 
door (B) for easy working inside the chamber and bottom 
plates (C) with several perforations with nozzles in some of 
the holes for smooth flow of thoroughly mixed air and SO2. 
Through the chamber, the desired rate of air circulation was 
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set by electric regulator, control panel (D) which controlled 
the in-put voltage to the electric air blower (E) • The air 
or air + SO2 mixture (G) was injected through injection part (F) 
which entered in the chamber through the perforated base and 
passed out via an exhaust dact (I) located at the top of the 
chamber (Fig. 1) . 
SO2 gas generator 
SO2 gas generator (Standard Appliances, Varanasi, 
India) was used for producing SO2. by action of dilute 
sulphuric acid"(10%) on sodium sulphite. Solutions of H2S0^ 
and sodium sulphite were prepared as per requirement of 
S02/minute to be dispensed in the exposure chamber. 
Estimation of SO2 concentration 
For determining the concentration of air pollutant 
in the chamber during the exposure period, samplings were 
done by a Handy air sampler (Kimoto Electronics, Japan) and 
analysed in the laboratory according to West and Gaeke (195 6) 
method as described in Air Quality Monitoring Course Manual, 
National Environmental Engir^ering Research Institute, Nagpur 
(Anon. 1986). 
Exposure of test plants 
The uninoculated emd inoculated test plants were 
kept in the exposure chamber through the door and the door 
was closed. Power switch of control panel was turned'ON' and 
the electric regulator giving power to the blower was turned 
H (0 
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clockwise till the voltage value reached to 200-220. The 
outlet of gas generator to be used was connected to the gas 
inlet nozzle provided in the blower housing and the gas 
generator was started. The gas released by the generator was 
carried to the blower housing through the tube and mixed with 
air circulating through the chamber. The gaseous pollutant 
released from generator per minute was thoroughly mixed and 
diluted with the air entering the chamber per minute. In 
this system, since the rates of gas mixing and feeding were 
constant and measured on per minute basis, the concentration 
of gaseous pollutant circulating through the chamber was 
expressed as ug or ppm of gas/cubic meter of air. 
Experiment 1 
Interaction between SO2 and Sphaerotheca fuliginea. 
Cucumber, Cucumis sativus L. (cv. Point Sett) plants 
grown in pots were exposed to 0.1 ppm of SO2 in dynamic state 
exposure chambers in the following three sequential 
inoculation-exposures. 
1. Exposure I (Pre-inoculation exposure) - exposure started 
one week before S. fuliginea inoculation. 
2. Exposure II (Post-inoculation exposure) - exposure started 
after a week of S. fuliginea inoculation. 
3. Exposure III (Concomitant inoculation exposure) - exposure 
started at the time of S. fuliginea inoculation. 
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The followiny were the treatments : 
Tj^  = Untreated (control) 
T2 = Inoculated with S. fuliginea 
Tj = Exposed to SO2 (0.1 ppm) 
T^ = Pre-inoculation exposure (Exposure-I) 
Tg = Post-inoculation exposure (Exposure - II) 
Tg = Concomitant inoculation exposure (Exposure - III) 
The plants grown in pots (one plant/pot) filled with 
autoclaved soil (field soil, sand, 7:3, v:v) were exposed to 
SO2/ 3 h every third day from the start and continued till 
the termination of the experiment at 55 days. Plants of 
treatments T^ were exposed separately in order to avoid 
contamination by the powdery mildew. Each treatment was 
replicated five times. The pots were aranged in a randomised 
complete-blocks on glasshouse benches. Plants were regularly 
observed for foliar symptoms and powdery mildew development 
on aerial parts of the plants. 
At termination of the experiment, all considered 
parameters of cucumber plant and powdery mildew fungus as 
given in the Section I (Exp. 2 ) were determined. 
Conidial viability 
Micro-gas exposure cabinet (Standard Appliances , 
Varanasi, India) was used to determine the effects of SO2 on 
conidial viability, germination and germ tube length. The 
chamber is designed for exposing glass-slides etc. to a 
93 
desirable concentration of gaseous air pollutants like SO2. 
The cabinet has a gas inlet hole at one side (A) and is 
connected with sterile air supply device (B) with a plastic 
tube. The bottom of micro-gas exposure cabinet has small 
outlet perforations for gas release (Fig. 2 ). 
For determining the effect of SO2 on conidial 
viability the micro-gas exposure cabinet was sterilized under 
UV lamp. During UV exposure the top cover (C) was removed 
and as soon as the exposure was over, the cover was put on 
the open top. The sterilized glass slides for the study were 
dusted with conidia of fuliginea from cucumber leaves. 
The slides were kept inside micro-gas exposure cabinet. The 
whole system was placed inside the exposure chamber. The 
outlet of the SO2 generator was connected to gas inlet nozzle 
provided in the blower housing of the exposure chamber and 
gas generator was started for exposure. The slides dusted 
with conidia in exposure cabinet were exposed to SO2 gas 
flowing through the exposure chamber. 
Conidia dusted on slides were exposed to 0, 0.01, 
0.02, 0.05, 0.10, 0.20. 0.50, 1.00, 2.00 and 5.00 ppm SO2 
concentrations for 0.5, 1, 2 and 3 h in the micro-gas exposure 
cabinet. The conidia were then transferred on the leaves of 
healthy cucumber seedlings grown in pots in glasshouse by 
appressing the slides with conidia. Seedlings inoculated 
with unexposed conidia served as control. Inoculated 
seedlings were regularly observed for powdery mildew 
a 
s \ 
I 
\ 
r 
Q> 
0 X 
•p lU H 
a •H 
(0 fl o 
(U 
0 •H 
S; •o 
u 
M •rl la 
•H u 
i! w 
m 
94 
development, for three weeks. Per cent infected leaf area 
from each treatment was measured with the help of a 
planimeter. 
Conidial germination and germ tube length 
Conidia from a week old colonies of S. fuliginea 
dusted over a clean sterilized glass slides were exposed to 
0 (control), 0.01, 0.02, 0.05, 0.10, 0.20, 0.50, I'.OO, 2.00, 
5.00 ppm SO2 for 0.5, 1, 2 and 3 h in the micro-gas exposure 
chamber. The exposed slides were incubated at 20 + 2"C for 
24 h and % germination of conidia were recorded by the method 
described in section I (Exp. 2 ) . Germ tube length ( um) was 
measured with ocular micrometer from the point of emergence 
of germ tubes on conidia upto terminal end of the tubes. 
The data from the experiments were subjected to 
analysis of variance and L.S.D. at P = 0.05 and P = 0.01 were 
calculated. Regression analysis was done to relate per cent 
conidial germination, germ tube length and concentration of 
SO2 for various exposure durations. 
Experiment 2 
Interaction between SO2 and Meloidogyne javanica . 
Interaction of SO2 (0.1 ppm) and M. javanica on 
cucumber, (cv. Point Sett), was studied using dynamic state 
exposure chambers in sequential and concomitant inoculation 
treatments. Exposures of plants to SO2 were started at three 
different times in relation to nematode inoculation as given 
below. 
9 5 
1. Exposure I (Pre-inoculation exposure) : Exposure started 
one week before nematode inoculation. 
2. Exposure II (Post-inoculation exposure) : exposure started 
after a week of nematode inoculation. 
3. Exposure III (Concomitant inoculation) : Exposure started 
at the time of nematode inoculation. 
After exposure the pots were kept on glasshouse 
benches under the ambient (unpolluted) air. 
Plants were exposed for 3 h every third day from the 
start and continued till termination of the experiment at 
5 5 days of inoculations of the nematode. The method for 
inoculation with M. javanica was the same as given in Section I 
(Exp. 2). The inoculum level was 2000 J2 per pot. One plant 
was grown in each pot filled with autoclaved soil (field 
soil, sand 7:3, v:v). 
The following treatments were used in all the three 
modes of exposure : 
Tj^  = Untreated (control) 
T2 = Nematode M. javanica inoculated 
T^ = SO2 (0.1 ppm) exposed 
T^ = Fre-inoculation exposure (Exposure I) 
T^ = Post-inoculation exposure (Exposure II) 
Tg = Concomitant inoculation exposure (Exposure III) 
Each treatment was replicated five times. The pots 
were arranged in a randomized complete-block design on the 
glasshouse benches. 
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At termination of the experiment, all the considered 
parameters of cucumber plants and root-knot nematode as given 
in the section I (Exp. 2) were determined. In addition, 
morphometries of the females of the nematode from various 
treatments were determined. The data were subjected to 
analysis of variance and L.S.D. at P=0.05 and P = 0.01 were 
calculated. 
Juvenile hatching and penetration 
Effect of 0 (control), 0.01, 0.02, 0.05, 0.10, 0.20 
and 0.50 ppm of SO2 on juvenile hatching of M. javanica and 
their penetration in cucumber root were studied in separate 
experiments. For hatching 2 0 egg masses of almost equal size 
were kept in 8-cm-d paper cups containing sterilized sand. 
The sand in cups was then moistened with sterilized distilled 
water. Each treatment consisted of five replicates. The 
cups were arranged in a complete randomize block design in 
glasshouse (27 +2°C ) . The cups of each treatment were 
exposed to respective SO2 concentrations for 2 h daily for 
7 days. Cups which served as control were not exposed to 
SO2. The cups of all the treatments were moistaaed regularly 
with distilled water. After six days, hatched juveniles from 
each treatment were isolated and collected over 500 mesh 
sieve and their mean numbers for each treatment were 
determined. 
For penetration study, two-week-old cucumber 
seedlings grown in paper cups of 8-cm-d filled with sterilized 
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sand were inoculated with 10 00 J 2- The seedlings were 
exposed to the various concentrations of SO2 as in the hatching 
study for 2h daily for 7 days. After 8 days of inoculation, 
plant roots from each treatment were removed and stained with 
0.1% acid fuchsinlactophenol solution (Byrd et , 1983). 
Total number of the nematodes present in the roots were 
determined under stereoscopic microscope and per cent 
penetration was calculated. 
Experiment 3 
Interaction between SO2/ Sphaerotheca fuliginea and 
Meloidogyne javanica . 
Interactions of SO2' powdery mildew, S. fuliginea, 
and root-knot nematode, M. javanica were studied in 
concomitant inoculation exposures using dynamic state 
exposure chambers. Cucumber plants were exposed to 0.10 ppm 
SO2/ 3 h day~^ every third day throughout the period of 
experiment (55 days). The pathogens and air pollutant (SO2) 
were dispensed concomitantly. Inoculation procedures of 
pathogens were the same as described earlier. The ioculum 
level of M. javanica was 2000 J2/pot. Exposures and 
inoculations with the pathogens were done when the seedlings 
were three week old. 
The treatments were as follows : 
Tj^  = Untreated (control) 
T2 = Inoculated with M. javanica 
T^ = Inoculated with S. fuliginea 
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T^ = Exposed to SO2 (0.10 ppm) 
T^ = S. fuliqinea + M. javanica 
Tg = S. fuliqinea + SO2 exposure 
T^ = M. javanica + SO2 exposure 
Tg = S. fuliqinea + M, javanica + SO2 exposure 
Each treatment was replicated five times and pots 
were arranged in a randomized complete-blocks in glasshouse. 
At the termination of experiment after 55 days, all the 
considered parameters of cucumber plant, powdery mildew and 
root-knot nematode as given in the section I (Exp. 2) were 
determined. The data so obtained from the experiment were 
subjected to analysis of variance and L.S.D. at P = 0.05 and 
P = 0.01 were calculated. 
RESULTS 
1. Interaction between SO2 and S. fuliqinea 
Symptoms 
Cucumber leaves exposed to SO2/ irrespective of 
powdery mildew inoculation or without inoculation, exhibited 
chlorosis and bleaching of interveinal areas. The symptoms 
appeared after four exposures and became prominent after six 
exposures. On subsequent exposures,some of the interveinal 
areas became necrotic (Figs. 3 - 6 ). Necrosis of leaves also 
occurred on the plants infected with the powdery mildew. 
Figs. 3-6. Cucumber leaves exposed to SO2 showing symptoms. 
3. Chlorosis 
4. Interveinal necrosis 
5. Necrosis 
6. Powdery mildew infected cucumber leaves 
exposed to SO^ 
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Plant growth 
In general, plant growth and yield characters were 
suppressed by S. fuliginea and S02. Plant length (shoot + root), 
fresh and dry weights of shoot and root, leaf area and 
flowering and fruiting were suppressed by S. fuliginea 
(P<0.05) in ccanparison to uninoculated (control) plants. The 
plants exposed to SO2 also showed reduction in plant length, 
fresh and dry weights (P <0.05), and number of flowers, fruits 
and chlorophyll content of leaves (P <0.01) in comparison to 
untreated (control) plants. The reductions in fresh and dry 
weights caused by SO2 were smaller than S. fuliginea. SO^f 
however, caused greater decrease in number of flowers and 
fruits and reduction in chlorophyll content of leaves than 
S. fuliginea (Table 1). Sequential treatments of both SO2 
and S. fuliginea, caused significant reductions in all 
considered growth parameters in comparison to untreated 
(control) plants. Highest reduction (P <0.01) in plant 
length, fresh, dry weights of shoot and root and leaf area 
was recorded in post-inoculation exposures followed by pre-
and concomitant inoculation exposures (P <0.05). Plants 
became chlorotic and pre-mature leaf fall occurred. The 
numbers of flowers and fruits declined (P <0.01). Flowers 
exhibited pre-mature fall after 8 exposures and as a result 
the number of fruits were reduced. Concomitant inoculation 
exposure caused greater reduction in numbers of flowers and 
fruits than other sequential treatments. Chlorophyll content 
of leaves was adversely affected by both S. fuliginea and SO2 • 
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The reduction in chlorophyll content caused by SO2 was greater 
than S. fuliqinea. The powdery mildew and SO2 together caused 
reduction (P <0.01) in chlorophyll content in comparison to 
untreated (control) plants. 
In all the three sequential inoculation exposures, 
the combined effects were antagonistic for plant growth 
parameters. The sum of reductions in growth parameters 
caused by SO2 and S. fuliqinea in sequential treatments were 
less (P <0.05) than sum of the reductions caused in their 
individual treatments (Table 1). 
Powdery mildew disease 
Spherotheca fuliqinea developed luxuriently on the 
leaf surface of control plants. Small circular colonies of 
white powdery mass that developed after five days of inoculation 
grew and merged together to cover the leaf surfaces. SOj 
exposures reduced (P <0.01) leaf area infection (%) of the 
powdery mildew. The reduction was greater (P <0.01) in pre-
and concomitant inoculation exposures than post-inoculation 
exposure (Table 2). In pre-inoculation exposure , powdery 
mildew development was lowest. In post-inoculation 
exposures, characteristic colonies of the powdery mildew had 
developed before the start of exposure. Exposure to SO2 
caused gradual disappearance of some of the colonies. 
The size of conidia was not affected by the SO2 
exposures but as the number of exposures increased, most of 
the conidia showed shrinkage and became deshaped. Most of 
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the conidiophores collapsed (Figs.7 & 8 ). The number of 
fibrosin bodies per conidium were significantly reduced in 
pre-* post-,and concomitant inoculation exposures as compared 
to unexposed plants. The reduction was greater in pre-
inoculation exposure followed by concomitant and post-
inoculation exposures. Similarly/ conidia obtained from SO2 
exposed plants showed poor germination (P <0.01). The per 
cent conidial germination between pre-r ,post-^nd concomitant 
inoculation exposures did not differ (Table 2). 
Effect of SO2 on viability of conidia 
The conidia exposed to the SO2 concentrations for 
different exposure durations showed variation in their 
viability. Per cent leaf area infection caused by conidia 
exposed to 0.01-0.5 ppm for 0.5 and Ih exposure durations did 
not differ from those caused by unexposed (control) conidia. 
But the conidia exosed to 1.0 and-2.0 ppm for 0.5 and 1 h 
duration caused lower % leaf area infection (P <0.05) as 
compared to unexposed conidia. Conidia exposed to 5.0 ppm for 
0.5 and Ih caused no infection. The conidia exposed to 0.01 
and 0.02 ppm to 2 and 3 h did not affect the conidial 
viability. Conidia exposed to 0.05, 0.1, 0.2 and 0.5 ppm for 
2 h and to 0.05, 0.1 and 0.2 for 3 h caused less % leaf area 
infection. No infection resulted from conidia exposed to 
0.5-5.00 ppm for 3 h (Table 3). 
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Conidial germination and gerra tube length 
Response of conidia exposed to different SO2 levels 
was variable. Unexposed (control) conidia were oval in shape 
with prominent rod-shaped crystal like fibrosin bodies 
(Fig. 9 ) and showed a high percentage of germination and 
longer germ tube lengths. The germ tubes were simple or 
bifurcated (Figs.ZLO & 1]) . In general, exposure of conidia to 
SO2 for different exposure durations resulted in their poor 
germination with shorter germ tubes. The fibrosin bodies 
were not distinct (Fig.12). The toxicity of SO2 depended on 
the concentration and exposure time. A linear correlation 
existed between conidial germination and time of exposure. 
Conidia exposed to 0.01,0.02,0.05,0.1/0.2 ppni for 0.5 h caused 
no significant effect on conidial germination and germ tube 
length. The higher levels (0.50, 1.0, 2.0 and 5.0 ppm) reduced 
(P <0.05) % conidial germination and germ tube length. When 
conidia were exposed for 1 h to 0.05, 0.10, 0.20, 0.50, 1.00 
and 2.00 ppm, decrease in germination (P <0.05 or P <0.01) 
resulted (Fig.13 )• There was no germination at 5.00 ppm 
concentration. The germ tube length was reduced (P<0.05) by 
the SO2 from 0.05-2.00 ppm. Conidia exposed to 0.05-0.50 ppm 
for 2 h and 3 h respectively adversely affected conidial 
germination as well as germ tube length (P<0.01). At higher 
levels of SO2 (1-0, 2.0 and 5.0 ppm), no germination occurred 
and the conidia became deshaped (Fig. 14 ). Exposure of 
conidia to lower levels of SO2 (0.01 and 0.02) for 0.5,1 and 
2 h did not cause significant effects on germination and germ 
Figs. 7. Hoxmal conidiophores on the 'unexposed leaf surface. 
8. Collapsed conidiophores on SO^ exposed leaf surface. 
9. Normal conidia with prominent fibrosin bodies and 
cell contents. 
10 & 11. Unexposed conidia with normal germination . 
12. Exposed conidia with disturbed cell contents. 
13. Exposed conidia with poor germination. 
14. Exposed (iiigh conc.) conidia with complete 
inhibition of germination and deshaping. 
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tube length. But when exposure duration was increased to 3 h, 
conidia showed lowest % germination, and reduction in the 
germ tube lengths occured (Table 4). As evidenced from the 
data, the concentration of SO2 and exposure duration were 
important determinants of inhibition of conidial germination 
(Figs. 15 & 16). 
2. Interaction between SOj eind Meloidcgyne javanica 
SymptcHns 
Exposure of uninoculated cucumber plants or 
inoculated with the nematode to SO2 (0.1 ppm) resulted in 
chlorosis and bleaching of interveinal area of leaves. The 
symptoms appeared after 4 exposures. On subsequent exposures 
(6-7) interveinal necrosis also appeared (Figs. 3 - 5 ). The 
symptoms were more pronounced on older and fully emerged 
leaves than younger leaves. Premature senescence of leaves 
also occurred at a later stage. The intensity of symptoms 
was relatively greater in nematode inoculated plants than 
uninoculated plants. Leaves of nematode inoculated unexposed 
plants showed only chlorosis. 
Plant growth 
Meloidoqyne javanica reduced (P<0.01) plant length, 
fresh and dry weights of shoot and root, leaf area (P<0.01), 
numbers of flowers and fruits per plant, and leaf chlorophyll 
content (P <0.05). Sulphur dioxide also suppressed plant 
growth and chlorophyll content of leaves (P <0.05) but the 
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reductions were smaller than M. javanica. 
The suppressions in plants growth parameters and 
yield characters and chlorophyll content of leaves were 
greater when nematode inoculated plants were exposed to SO2 
than either due to the nematode and SO2 alone. Post-
inoculation exposure (Exposure II) caused greater 
suppressions than pre-inoculation (Exposure I) and 
concomitant inoculation (Exposure III). The suppressions in 
each considered parameters were also greater (P <0.01) than 
untreated (control) plants. The sum of reductions caused by 
the nematode and SO2 together in sequential tereatments was 
greater than the total of reductions caused by M. javanica 
and SO2 individually (Table 5). 
Hatching and penetration of juveniles 
The used concentrations of SO2 did not affect 
hatching of the juveniles, since the numbers of hatched 
juveniles did not differ between the treatments. Similarly, 
root penetration of juveniles was also not significantly 
affected (Table 6). 
Root-knot disease 
Exposures of nematode inoculated plants resulted in 
suppression of egg mass production and fecundity of the 
nematode. The number of egg masses per plant (P <0.05) and 
number of eggs per egg mass (P <0.01) were reduced. The 
reductions were greater in pre-inoculation exposures followed 
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Table 6. Effect of SO2 on juvenile hatching of Meloidogyne javanica 
and root penetration by juveniles. 
SO2 cone. 
( ppm ) 
Juvenile hatch 
egg mass ^  
Juveniles 
root"^  
% Junveile 
penetration 
0 305 412 41.2 ( 39.93 ) 
0.01 290 314 31.4 ( 34.08 ) 
0.02 231 375 37.5 ( 37.76 ) 
0.05 301 350 35.0 ( 36.27 ) 
0.10 225 402 40.2 ( 39.35 ) 
0.20 280 320 32.0 ( 34.45 ) 
0.50 270 381 38.1 ( 38.12 ) 
L.S.D. P = = 0.05 81.66 6.21 
Each value is mean of five replicates. 
Values in parantheses are angular traaisformed values. 
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by concomitant and post-inoculation exposures. Numbers of 
root galls in pre-, post-, and concomitant inoculation 
exposures were greater in comparison to unexposed inoculated 
plants. But size of the galls looked smaller than inoculated 
unexposed plants. Population density of females in roots of 
exposed plants was greater than unexposed inoculated plants 
(Table 7) . 
Morphome-trics 
Differences in morphometries of adult females 
between exposed and unexposed nematode-inoculated plants were 
observed. Body and neck lengths were (P<0.05) greater in all 
nematode-inoculated-S02-exposed plants in comparison to 
unexposed nematode-inoculated plants. In contrast, widths of 
neck, median bulb and length of median bulb were reduced 
(P <0.05) in all the pre-, post>, and concomitant inoculation 
exposures in comparison to unexposed-nematode-inoculated 
plants. The stylet length and stylet knob width did not 
differ significantly (Table 8). 
Histopathology 
Root galls induced by M. javanica on exposed and 
unexposed plants were examined in longitudinal and tangential 
section. The juveniles penetrated the young roots and 
migrated intercellularly towards the stelar region, where 
they formed feeding sites (Figs. 17 — 19 ). They induced 
development of hypertrophied cells at the feeding sites which 
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later developed into giant cells. 
Giant cells in the unexposed nematode-inoculated 
plants were formed both in cortical and stelar regions. 
Their nvimbers renged between 3 and 8 around the head to an 
adult female (Figs.20 & 21 ). The giant cells contained dense 
granular cytoplasm with enlarged agglomerated nuclei (Fig. 22). 
The number of neclei in each giant cell ranged between 8 to 
42. The nuclei were oval, elliptical or round in shape and 
aggregated in the centre or uniformly distributed in the 
cytoplasm. The nuclei and nucleoli of giant cells appeared 
to be larger in inoculated unexposed plants than those of 
inoculated exposed plants. 
In the nematode.inoculated-exposed plants, the gian^ 
cells appeared to be relatively smaller in size as compared 
to unexposed nematode inoculated plants. Their number ranged 
• from 4 to 6. The giant cells consisted of diffused 
granulated and vacuolated cytoplasm with few nuclei (Figs.23 & 24), 
The number of nuclei in each giant cells ranged between 
4-17. The nematodes were mostly in third or fourth juvenile 
stages. Adult females were also seen with their heads near 
the xylem cylinder with no egg masses. 
The giant cells in a single cluster in both exposed 
and unexposed plants had distinct thickened boundry walls. 
Other anatomical changes such as development of abnormal 
xylem, destruction of phloem elements and cortical tissue 
were more or less similar in the treatments. The vessel 
Figs. 17-22. Histopathological changes in roots of inoculated 
and unexposed cucumber plants. 
17. Juvenile penetration of M. javanica in cucumber 
root-
18. Migration of juvenile in the root tissue-
19. Inducement of giant cells by the juveniles. 
20. A mature female of root-knot nematode M. javanica 
in the root tissue. 
21. A cluster of giant cells around nematode head. 
22. A giant cell showing multinucleate condition 
with dense granular cytoplasm. 

Fig. 23-25. Histopathological details of nematode inoculated 
and SO2 exposed cucumber plants. 
23. An luider developed female along with giant cells 
around its head. 
24. A cluster of vacuolated giant cells with a few 
nuclei. 
25. Abnormal xylem induced by the nematode. 
% 
115 
elements of abnormal xylem were highly variable in shape and 
had perforations at the lateral walls adjacent to each other. 
A few isolated vesel elements were also found in both exposed 
and unexposed nematode inoculated plants (Fiy.25 ). 
3. Interactions between SOj/ Sphaerotheca fuliginea and 
Meloidogyne javanica 
Symptoms 
Plants inoculated either with S. fuliginea and 
M* javanic or by both together, showed chlorosis and yellowing 
of leaves. The powdery mildew infected plants developed 
yellowish spots in the areas of fungal colonies which later 
became brownish and dried. These symptoms were more 
prominent in simultaneous inoculations. SO2 exposed plants 
in all the treatments exhibited various degree of chlorosis 
and bleaching of interveinal areas of leaves as in the 
experiments 1 and 2 of this section. The intensity of SO2 
induced symptoms were relatively greater in plants inoculated 
with both fuliginea and M. javanica than the plants 
inoculated with either pathogen. 
Plant growth 
fuliginea, M. javanica and SO2 individually 
caused significant reductions in all considered growth 
parameters, yield characters (flowers and fruits per plant) 
and chlorophyll content of leaves. The trends in the growth 
suppressions were same as in the previous experiments. 
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In simultaneous inoculations with both the 
pathogens, plant length, fresh and dry weights of shoot and 
root, and leaf area were greatly suppressed (P <0.01). The 
two pathogens caused synergistic effects. The reduction 
caused by _S. fuliginea and M. javanica together was greater 
than sum of reductions caused by both pathogens individually. 
Plants inoculated with either S. fuliginea or 
M. javanica or together simultaneously, when exposed to SO2 
exhibited variable growth responses. S. fuliqinea inoculated 
plants exposed to SO2 showed reduced plant length, fresh and 
dry weights of shoot and roots and leaf areas in comparison 
to untreated (control) plants. The combined effects of 
S. fuliqinea and SO2 were antagonistic. The reductions in 
growth parameters caused by S. fuliginea and SO2 together, 
were less (P <0.05) than sum of reductions caused in their 
individual treatments. In contrast, the suppressions in 
growth parameters were greater when M. javenica and SO2 acted 
together, than the total of reductions caused by them 
indidviually. Reductions in each considered parameters were 
significantly (P <0.01) greater in comparison to untreated 
control. Both SO2 and nematode together, synergistically 
affected the plant growth. The reduction caused by nematode 
and SO2 together was greater (P <0.05) than sum of reductions 
caused by M. -javanica and SO2 individually. Plants 
inoculated with both S. fuliqinea and M. javanica and exposed 
to SO2 simultaneously also significantly (P <0.01) reduced 
plant length, fresh and dry weights of shoot and root, and 
117 
leaf area. However, their reductions in each considered 
growth parameters were not greater than reductions caused by 
M. javanica and S. fuliginea together in unexposed plants. 
Therefore, the reductions caused by M. javanica, S. fuliginea, 
SO2 acting together, were not less or greater than the total 
sum of reductions caused by M. javanica, S^ . fuliginea and SO2 
when treated individually. In the presence of SO^ both 
pathogens interacted additively and caused significant 
(P<0.01) decrease in growth parameters (Table 9). 
Yield characters in terms of number of flowers and 
fruits per plant were adversely affected by S. fuliginea, 
M. javanica and SO2 individually. SO2 was most effective and 
pre-mature fall of flowers occurred. Highest decrease 
(P <0.01) in flowers and fruits were recorded in plants 
inoculated with both the pathogens simultaneously and exposed 
to SO2 (N+F+SO2). Chlorophyll content (a, b and total) 
invariably decreased in all unexposed inoculated and SO2 
exposed inoculated plants. Among unexposed inoculated 
plants, the reduction was greater (P <0.01) in plants 
inoculated with S^ . fuliginea and M. javanica together 
followed by individual inoculations with either of the 
pathogens (P <0.05) in comparison to untreated control 
plants. However, the chlorophyll content further decreased 
significantly (P<0.01) in all SO2 exposed plants inouclated 
with either of the pathogens and such plants developed 
chlorotic as well as necrotic symptoms on the leaf surface. 
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Highest reduction in chlorophyll content (P <0.01) wss 
recorded in exposed plants inoculated with M. javanica and 
fuliginea simultaneously followed by plants inoculated 
with M. javanica or fuliginea. In general, greater 
reductions in chlorophyll content occurred in simultaneous 
inoculations of M. javanica and fuliginea with or without 
SO2 exposures (Table 9). 
Root-knot disease 
Plants inoculated with M. javanica and fuliginea 
together exhibited significantly (P <0.05) greater galling, 
egg mass production per root system, fecundity and female 
nematode population density in roots in comparison to plants 
inoculated with M. javanica alone. Root galling and female 
nematode population density increased V7h6n plants inoculated 
with M. javanica and S. fuliginea or with M. javanica were 
exposed to SO2 in comparison to the nematode inoculated 
plants. Root-galling female population in roots did not 
differ between combined treatments of M. javanica + S. fuliginea, 
and M. javanica + SO2. SO2 exposures suppressed egg mass 
production and fecundity of the nematode. Number of egg 
masses per root system and number of eggs per egg mass were 
significantly decreased (P <0.01) in both combined and 
nematode inoculated exposed plants in comparison to unexposed 
inoculated plants. The suppressions were greater in exposed 
plants inoculated with both the pathogens than the plants 
inoculated with M. javanica alone (Table 10). 
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Powdery mildew disease 
S. fuliqinea showed abundant development of mycelium 
and conidia on the leaf surface of plants in absence or 
presence of M. javanica. The percent leaf area infection was 
significantly (P <0.05) greater in the presence of M. javanica. 
Conidial size, fibrosin bodies count, and per cent conidial 
germination of conidia did not differ between two treatments. 
Sulphur dioxide exhibited suppressive effect over powdery 
mildew fungus. Per cent leaf area infection was significantly 
(P <0.01) reduced in both the treatments. There was no 
significant difference in conidial size between the 
treatments. The number of fibrosin bodies and per cent 
conidial germination were , hov/ever , greatly reduced 
(P <0.01) in the treatments exposed to SO2 • Germination of 
conidia obtained from SO2 exposed plants was poor (P <0.01) 
(Table 11). 
DISCUSSION 
Sulphur dioxide induces foliar injury, which later 
develops into necrotic lesions, hampering the growth through 
the decreased net assimilation rate of plants (Katz, 1949; 
Thomas, 1951; Weinstein and McCune, 1970) . Cucumber plants 
exposed to SO2 were poor in growth and the foliage showed 
symptoms attributable to SO2 injury. The decrease in leaf 
area in exposed cucumber plants, in the present study, might 
have reduced their photosynthetic potential which caused 
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unfavourable effect on the overall growth and development of 
plants. In addition, as noted in discussion of the section I 
(Exp. 2), destruction of chlorophyll by sulphite (Thomas 
et , 1943; Pandey and Rao, 1978; Lauenorth and Dodd, 1981) 
or phaeophytinization of chlorophyll (Rao and Le Blanc , 1966) 
may be responsible for adverse effect on plant growth. 
Spaherotheca fuliginea and SO2 individually and in 
sequential treatments reduced plant growth and yield 
characters of cucumber. SO2 appeared to be more destructive 
than fuliginea. In sequential treatments, their 
interactions in relation to plant growth were antagonistic. 
SO2 suppressed powdery mildew development resulting in a 
slight increase in plant growth. The qualitative changes in 
pollutant stressed plants such as decreased leaf nitrogen 
concentration associated with reduction in leaf protein 
(Constantinidou and Kozlowski, 1979; Sardi, 1981) reduced 
sugar content and starch levels (Mass £t , 1973; Tingey, 
1974; Koziol and Jordon, 1978) and foliar injury caused by 
SO2 might have jointly inhibited the development and 
establishment of powdery mildew. Since the powdery mildew in 
general, remain confined to epidermal cells and depends for 
its sustenance and development on epidermis, change in 
epidermal cells conceivably would affect development and 
establishment of the fungus. Parasitism by obligate fungi is 
more sensitive to SO2 than other fungi (Heagle , 1982). 
Weinstein et al^ . (1975) found inhibition of Uromyces phaseoli 
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on bean leaves exposed to SO2. Parasitism of lilac leaves by 
Microsphaera alni was decreased by SO2 • Exposures of 
inoculated leaves during spore germination and penetration 
caused decreased germination, penetration and hyphae 
production (Hibben and Taylor, 1975). In addition to 
indirect effects of SO2 induced physiological and biochemical 
alterations in the host and foliar injury, S. fuliginea 
being, an obligate ectoparasite on the foliage suffered 
directly by its complete exposed position to SO2 exposures. 
This effect was evidenced by the influence of SO2 on conidial 
viability, germination and germ tube growth. 
The conidial germination, viability, and germ tube 
length of S. fuliginea were adversely affected by SO2. Fungi 
are known to be sensitive to the direct effects of relatively 
small pollutant doses during spore formation or during 
germination and penetration phase (Heagle, 1973). Inhibition 
of growth, abnormalities in morphology, decrease in 
reproductive potentiality of the fungus as a result of their 
exposure to gaseous pollutants are the manifestations of the 
events occuring on cellular and sub-cellular levels. The 
mechanism whereby pollutants exert their direct effects 
include the inhibition of specific enzymatic reactions, 
disruption of the integrity of cell envelop, inhibition of 
intercellular transport of materials, and degradation of some 
pigments (Babich and Stotzky, 1982). Sulphur dioxide in 
conidia or mycelial cells is dissolved in substances of the 
cells and sulphur being an acceptor of hydrogen distrupts the 
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normal course of hydrogenation and dehydrogenation reactions 
due to formation of hydrogen sulphide (Gruzdyev, 1983) . The 
latter is closely associated with development of conidia and 
the viability of fungus. Powdery mildew conidia have 
relatively thin walls with larger quanity of water and the 
absorbed SO2 may get dissolved in the water and form 
sulphurous acid which is known to be more effective fungicide 
(Cruess ^ , 1931) . Since sulphurous acid is highly 
reactive and it may inhibit conidial germination by combining 
directly with essential cell constituents and this, in turn, 
affect the viability, germination of conidia and growth of 
germ tubes. The detrimental effects of SO2 on S. fuliginea 
appear to be primarily due to toxicity of bisulfite and 
excessive hydrogen ions produced after absorption by the 
conidia. The exact machanism, however, needs to be 
investigated. 
Suppression in plant growth and intensity of the SO2 
symptoms on foliage were greater in presence of M. javanica. 
Plants infected with M. javanica suffer from impaired 
absorption and translocation of nutrients, disruption in the 
continuity of vessel elements (Endo, 1971; Wilcox and Loria, 
1986; Pasha et , 1987). The greater suppression of plant 
growth in nematode infected-exposed plants, resulted from two 
way effeets - effects of SO2 on chlorophyll and photosynthesis 
and effects of M. javanica on absorption and supply of water 
and minerals from soil. The disruption and development of 
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abnormal xylem elements induced by M. javanica infection 
results in restricted water flow which influences the rate of 
photosynthesis (Bird, 1974; Wallace, 1974; Meon et al. , 1978). 
The effects of SO2 and M. javanica in the plant system were, 
therefore, interlinked. As a result of suppressed growth, 
cucumber plants showed poor yield characters. Flowering and 
fruiting were possibly reduced due to decrease in assimilates 
(Whitmore and Mansfield, 1983), pre-mature fall of flowers 
(Gupta and Ghouse, 1987) and failure of fertilization because 
of retarded growth of pollen tubes by SO2 (Linzon, 1978). It 
seems to be more plausible that these effects jointly 
contributed towards poor flowering and fruiting. 
Root-knot disease on cucumber was suppressed as a 
result of SO2 exposures. Exposed plants developed smaller 
galls though the numbers of galls between exposed and 
unexposed inoculated plants did not differ. Egg mass 
production and fecundity of M. javanica on exposed plants 
were suppressed. Direct effects of SO2 through soil and 
indirect host mediated effects might have caused these 
influences on the root-knot nematode. Sulphur dioxide is 
absorbed by soil (Abeles et al. , 1971) and reacts with soil 
water to form hydrogen ions and ions composed of sulphur. 
These byproducts might have directly influenced the nematodes 
in soil. Poor nutritional status of the host plants may be 
considered as indirect factor responsible for such an effect. 
Alteration in availability and quantity of organic and inorganic 
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substances or inability of the nematodes to continue feeding 
relationship with the host adversely affects their 
reproductive capability. Oteifa (1953) demonstrated that a 
deficiency of potassium in the host retarded reproduction of 
M. incognita by increasing the length of time between 
maturity and egg laying. Physiological alterations caused by 
SO2 in plants have been studied by several workers (Cecil 
and Wake, 1962; Skye, 1968; Ziegler, 1972; Jiracek et al. , 
1972; Tanaka et / 1972; Asada and Kiso, 1973; Jbhnsen and 
Sochting, 1973; Shimazaki et aJ., 1980). Meloidoqyne javanica 
is a sedentary endoparasite and sedentary female nematodes 
require adequate amount of nutrients for their development 
and egg production from the pool of nutrients of host plant. 
The poor growth performance of cucumber plants under the 
stress of SO2 might have adversely affected the nutritional 
requirement of the nematode. As a result reproduction and 
egg laying capability of the nematode suffered. Histopatho-
logical analysis of the inoculated exposed plants also 
support this conclusion. Giant cells induced by the nematode 
in SO2 exposed plants were smaller. Pre-inoculation exposure 
of the plants to SO2 was most effective in suppressing egg 
mass production and fecundity whereas post-inoculation 
exposure was least effective. This difference evidently 
resulted from exposure initiation in relation to nematod 
inoculation. Lowest number of galls in pre-inoculation 
exposure gives an evidence of indirect effect of pollutant on 
the nematode because exposed plants before inoculation with 
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the nematode had already altered physiological status. This 
altered physiological status of the exposed plants might have 
inhibited the gall formation (Weber ^ , 1979) and egg 
mass production (Oteifa, 1953). 
The results of the experiment 3 in this section show 
that S02»M. jayanica/ and S. fuliginea individually affected 
plant growth, yield characters, and chlorophyll content 
adversely as observed in the experiment 1 and 2. The 
combined effects of SO2/ S. fuliginea and M. javanica on 
plant growth parameters were greater than their individual 
effects. Unexposed plants inoculated with M. javanica and 
S. fuliginea exhibited synergistic interaction in reducing 
the plant growth. S^ . fuliginea infection induces certain 
physiological changes in the host resulting in increased 
transpiration, respiration, decreased photosynthesis and 
depletion of nutrients (Nicolas, 1930; Yarwood, 1934; Allen 
and Goddard, 1938; Allen, 1942; Sempio, 1950; Shaw and 
Samborski, 1956). Such changes may be responsible for 
suppression of plant growth of cucumber. On the other hand, 
M. javanica induces root galls and causes other anatomical 
and physiological alterations. Infected plants suffer from 
impaired absorption and translocation of nutrients (Endo, 
1971; Wilcox and Loria, 1986) . Cumulative effects of both 
the pathogens were apparently responsible for synergistic 
damages to the host. There was no adverse influence on 
S. fuliginea development due to presence of the nematode. 
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S. fuliqinea presence on plants rendered them more vulnerable 
to nematode invasion, evidenced from greater root galling, 
egg mass production and fecundity of nematode in comparison 
to plants inoculated with the nematode alone. 
SO2 suppressed the root-knot nematode development, 
particularly in the post-penetration phase. Though the 
stressed seedlings appeared to be in favourable state for the 
nematode invasion resulting in greater root galling, the 
production of egg masses and facundity were suppressed due to 
reduced root growth in pollutant stressed plant. Aquisition 
of water and nutrients become potentially more difficult in 
pollution stressed plants due to reduced root growth. This 
state of plants lowers the defence against the pathogens 
(White, 1984; Coley ^ , 1985). Infection of the 
pollution stressed plants by the nematode further interrupted 
absorption, and supply of water and minerals, and 
translocation of photosynthates. These effects acting 
jointly reduced the nutrient supply to the females of the 
nematode in roots. As a result egg mass production and 
fecundity were adversely affected. These seem to be 
plausible causes of such reductions. 
The reductions caused by SO2 + M. javanica + fuliqinea 
together were not greater than the sum of reductions caused 
by all the three pathogens individually. SO2 suppressed 
development of powdery mildew fungus directly and root-knot 
nematode indirectly, minimising the plant growth loss caused 
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by them. However/ their combined effects on plant growth was 
additive and caused significant reduction in plant growth and 
number of flowers and fruits. 
Therefore, the findings show that SO2 affected all 
living components of the system. Meloidogyne javanica being 
an obligate sedentary endoparasite on roots suffered 
indirectly under the stress of SO2 pollution. But SO2 and 
the nematode interacted synergistically in reducing the 
plant growth. It is expected that root-knot nematode 
infected plants would suffer greater damage than non-infected 
under SO2 pollution stress. In contrast, SO2 interacted 
antagonistically with S. fuliginea. The powdery mildew 
parasitizing the aerial parts of the plant suffered directly 
by its exposed position to the gaseous pollutant and 
indirectly through the host physiological modifications and 
foliar injury caused by SO2. Inhibition of conidial 
viability and decrease in conidial germination caused by SO2 
adversely affected the inoculum potential of the pathogens, 
therefore, subsequent disease development was poor. Conidia 
are the inoculum source for primary and secondary disease 
cycles of the powdery mildew. Their inhibition by SO2, 
occurring ' as a normal phenomenon at ambient levels in the 
polluted areas would result in reduced disease severity in 
field conditions. As a consequence, the crops like cucumber 
susceptible to powdery mildew would be benefitted to some 
extent. The present findings in controlled conditions were 
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closely correlated with those of ambient conditions. In 
general, SO2 interacted synergistically with M. javanica and 
antagonistically with S. fuliginea/ and both the pathogens 
together with SO2 interacted additively to affect the growth 
and yield characters of cucuntoer plant. Simultaneous presence 
of fuliginea and M. javanica in polluted and unpolluted 
environments proved to be more harmful to plant health. 
SECTION I I I 
Experiment 1 
EFFECT OF FLYASH AMENDED S O I L ON PLANT OlOWTH AND DEVELOPMENT 
OF ROOT-KNOT AND POWDERY MILDEW ON CUCUMBER 
Coal-based Thermal Power Plants emit flyash through 
the stack which spread in the sorrounding areas and alter the 
soil quality affecting physical and chemical characteristics 
and affect vegetation depending upon the extent of 
deposition. The Thermal Power Plant, Kasimpur, the pollution 
source in the present study, emits flyash and the soil in the 
sorrounding areas was found to have heavy deposition of 
flyash. In this experiment conducted in glasshouse, effects 
of flyash, artificially added to soil in various proportions, 
on the plant growth of cucumber and development of root-knot 
and powdery mildew diseases have been examined. In addition, 
morphometrical variations among mature females of the 
nematode, juvenile penetration in cucumber roots and hatching 
and mortality of juveniles in the flyash amended soil 
extracts have also been studied. 
MATERIALS AND METHODS 
Flyash analysis 
Flyash was obtained from the Thermal Power Plant, 
Kasimpur, electrical conductivity and pH were measured with 
pH meter and conductivity meter (Elico. Co. Ltd., Hyderabad 
India), with the extract from 1 :1 flyash/water suspension ( W / V ) . 
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The texture of flyash in relation to particle size was 
determined by Hydrometer method (Allen et , 1974), total 
organic carbon by Degtjareff method (Walkley and Black, 1934); 
total nitrogen by micro-Kjeldahl method (Nelson and Sommers, 
1972); total phosphorus by molybdenum blue method (Allen 
et al. / 1974) and the total metal elements by mixed acid 
digestion using coric.HNO^/ conc.H2S0^ and HClO^ followed by 
atomic absorption spectrophotometry (Allen ^ , 1974) . 
Soil amendment with flyash 
Field soil was amended by adding flyash to get 
different levels of flyash (V/V) i.e.0% (contrpl),10, 25, 50, 
75, 90 and 100%. Conductivity and pH of each mixture 
(flyash+field soil) were then determined. 
Hatching and juvenile mortality of Meloidogyne javanica 
Effect of soil extract of different mixtures 
(flyash + field soil) (Table 7) was studied on hatching and 
juvenile mortality of root-knot nematode, Meloidogyne javanica. 
To obtain the soil extracts, the mixtures comprised of 
different levels of flyash and field soil were added in 
double distilled water separately in a ratio of 1:1 (field 
soil and flyash mixture + double distilled water) and stirred 
vigorously for two hours on electric stirrer and the 
resultant soil suspension filtered through Whatman No.l 
filter paper. These solutions (soil extracts) were used for 
determining their effects on hatching and juvenile mortality 
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of M. javanica. 
For determining the effect of juvenile mortality, 
one ml aqueous suspension containing 20 0 freshly hatched 
second stage juveniles of M. javanica (J2) were transferred 
to 10ml of above soil extract contained in 40mm petridishes. 
The extract obtained from unamended soil (field soil) served 
as control. Each treatment was replicated three times. The 
petridishes were kept at 20 + 2°C temperature in an incubator. 
Number of immobile juveniles were counted at different time 
intervals (12, 24, 48, 72 and 96 h) from each petridish and per 
cent mortality was calculated. 
For hatching, five "matured egg masses were 
transferred to each petridish (40mm) containing 10 ml of soil 
extract obtained from different mixtures (flyash + field soil)• 
For control, egg masses were transferred in petridishes 
Containing extract from unamended soil separately. Each 
treatment was replicated three times. The petridishes were 
incubated at 30 + 2°C. After four days, total number of 
hatched juveniles in each treatment were counted and per cent 
inhibition over control was calculated as follows : 
Per cent inhibition = 100- (lOOHs/Hw). 
where Hw is the hatch in unamended soil extract and Hs is the 
hatch in the test substance i.e. the soil extract from 
amended soil (Clarke and Shepherd, 1964). 
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Juvenile penetration 
Effect of flyash content of soil on penetration of 
M. javanica juveniles in cucumber roots were studied in 
artificial inoculation. Seedlings of cucumber, Cucumis 
sativus L. (cv. Point Sett) were raised from surface 
sterilized seeds in paper cups (8 cms) filled with (lOOg/cup) 
above said mixtures of flyash + field soil and for each 
treatment three cups were maintained. Three leaf-stage (one 
seedling/cup) seedlings were inoculated with 1000 freshly 
hatched second stage juveniles of M. javanica (J2) and cups 
were maintained at room t«nperat\ire (27 + 2°C). Seedlings 
raised in unamended soil and inoculated with same level of 
juveniles served as control. Each treatment was replicated 
thrice. The seedlings were uprooted from all the replicates 
of each treatment at different time intervals i.e 24, 48, 72, 
96 and 144 h after inoculation. Rootswere stained with 0.1% 
acid fuchsin-lactophenol solution (Byrd et al. , 1983) - Total 
number of nematode juveniles present in the roots were 
counted directly under stereoscopic microscope and per cent 
penetration was calculated by dividing the number of 
juveniles in the roots by the total nematode inoculated. 
Interaction studies 
Plant culture 
To examine the interaction of flyash amended soil, 
root-knot nematode, M. javanica and powdery mildew, S. fuliginea 
on cucumber in a pot experiment in glasshouse, three-week-old 
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seedlings of cucumber, Cucumis sativus L. (cv. Point Sett) 
were grown in sterilized flyash amended soils with different 
levels of flyash filled in 30 cm clay pots (one seedling per 
pot) into three separate sets. In the first set of pots 
seedlings remained uninoculated. In the second set of pots 
root-knot nematodes and in the third set of pots powdery 
mildew was inoculated separately. Pots with seedlings grown 
in soil without flyash and uninoculated with either of the 
pathogens and pots with seedlings inoculated with either of 
the pathogens serves as controls. Each treatment was 
replicated five times and pots were arranged in a randomized 
complete-blocks in glasshouse. The details of the treatments 
are given in Tables 2-4. 
Inoculation with root-knot nematode 
Seedlings were inoculated with freshly hatched 
second stage juveniles (>^ 2^  —• iava"ica• Juveniles were 
obtained by incubating egg masses, collected from roots of 
eggplant maintaining pure population of M. javanica, in 
sterilized water at 30°C contained in sterilized petridishes. 
After 7 2 h, number of hatched juveniles per ml was 
standardized by counting the juveniles from ten, 1 ml samples 
and the average number was used to represent the number of 
juveniles per ml. After counting, the juvenile suspension 
containing 2000 juveniles was pipetted out and added in the 
pots by making the holes, 3-4 cm deep around seedlings within 
the radius of 2 cm and the holes were then plugged with soil. 
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Fecundity 
Number of eggs egg mass ^ was determined by selecting 
ten mature egg masses of average size from the roots and 
treating them with 2 0 ml of sodium hypochlorite (2%) solution 
contained in 10 0 ml beaker and stirring vigorously for one 
minute. When eggs had released from gelatinous matrix of the 
egg mases, number of eggs ml ^ were counted with the help of 
Hawksley counting slide. The total number of eggs present in 
the solution were calculated and mean number of eggs egg mass"^ 
determined by dividing the total number of eggs with that of 
number of egg masses taken. 
Inoculation with powdery mildew 
Inoculation with fuliginea was done by direct 
dusting of conidia with infected leaf over the abaxial 
surface of healthy leaves when the seedlings were in four 
leaved stage. Inoculated plants were transferred to 
glasshouse and were regularly watched for the development of 
disease. 
Parameters 
At the termination of experiments, plant growth 
parameters i.e. plant length (shot + root), fresh and dry 
weights of shoot and roots, leaf area, number of flowers and 
fruits plant ^ and chlorophyll content of fresh leaves were 
rceorded. 
Root-knot development in terms of number of galls 
and egg masses plant fecundity and female nematode 
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population gram ^ root were also recorded. Morphometries of 
the females in relation to body width neck length and width, 
stylet length, stylet knob width and median bulb length and 
width of mature female nematodes were determined. Powdery 
mildew development was assessed by measuring per cent 
infected leaf area with planimeter. Conidial dimensions 
(length X width), mean number of fibrosin bodies conidium"^ 
and per cent conidial germination were also determined. The 
data were subjected to anetlysis of variance and L.S.D. at 
P = 0.05 and P = 0.01 were calculated. 
RESULTS 
Flyash analysis 
The flyash emitted from the Thermal Power Plant, 
Kasimpur was alkaline in nature and its electrical 
conductivity was 9.84. Textural analysis indicated that the 
amount of silt size particles was greatest followed by sand 
size and clay size particles. The organic carbon and 
nitrogen of the flyash was 0.07% and 0.05% respectively. 
Several metal elements like Pb, Ni, Mn, Co, B, Cu, K, Cr, Cd, Zn 
and Fe were also present in the flyash. The concentrations 
of K, Mn and B were higher than other metal elements (Table 1) . 
Plant growth 
Amendment of soil with the flyash increased the pH 
and electrical conductivity (E.G.). At 10 and 25%, a slight 
increase in pH and E.G. was recorded. But at higher levels 
Table 1. Properties of flyash used in the study. 
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Electrical conductivity 
( mmhos cm~^ ) 
9.84 
PH 8.90 
Texture ( % ) 
Sand size particles 32.15 
Site size particles 49.30 
Clay size particles 8.53 
Total organic carbon (%) 0,07 
Total nitrogen (%) 0.05 
Elements 
Pb 27.56 ppm 
Ni 06.90 " 
Mn 22.80 " 
Co 03.82 " 
B 21.71 " 
Cu 01.52 " 
K 722.20 " 
Cr 13.91 " 
Cd 00.24 " 
Zn 03.04 " 
Fe 02.43 " 
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of flyash (50-100%), pH and E.G. increased greatly. The E.G. 
ranged between 6.50-9.84 and pH 8.2-8.9 (Table 2). 
Cucuniber plants (uninoculated) showed variable 
growth responses in soils containing different levels of 
flyash. In 10 and 25% flyash levels, plant growth improved. 
A significant increase (P <0.05) in fresh and dry weights of 
plants and in number of flowers and fruits per plant 
occurred. Plant growth and flowering and fruiting were 
greatest in soil with 10% flyash. From 50% onwards, a 
stepwise decline in plant growth parameters and in number of 
flowers and fruits per plant occurred in the soil with 
increasing level of flyash. At 100% level all plant growth 
parameters and number of flowers and fruits were smallest. 
Chlorophyll content (chl.a, chl.b, and total chl.) of the 
leaves was affected by the amendment of soil with flyash. At 
10, 25 and 50% levels, there was a significant (P <0.01) 
increase in the chlorophyll content when compared with the 
control plants, grown in unamended soil. This increase in 
chlorophyll a and chlorophyll b and total chlorophyll was 
highest in 10% level followed by 25 and 50%. At 75, 90 and 
100% flyash levels, the chlorophyll content was significantly 
smaller than control plants. The differences in chlorophyll 
content between 75, 90 and 100% levels were not significant 
(Table 2). 
A similar trend in growth parameters and flowering 
and fruiting of cucumber grown in amended soil and inoculated 
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with M. javanica was observed. The growth reduction was 
comparatively higher than uninoculated plants grown in flyash 
amended soil. The nematode inoculated plants grown in 
unamended soil showed poor growth when compared with control 
plants. However, inoculated plants grown in 10 and 25% 
flyash amended soil showed improvement in growth when 
compared with plants in uneumended soil and inoculated with 
the nematode. A stepwise decrease in the plant growth was 
observed in all higher level of flyash (50-100%). M. javanica 
caused significant (P <0.01) reduction in chlorophyll content 
of leaves of plants grown in unamended soil. When the plants 
grown in soils applied with various levels of flyash were 
inoculated with the nematode, the chlorophyll content was 
significantly reduced at all flyash levels except 10% when 
compared with control (inoculated with the nematode alone) . 
At 10%, a significant (P <0.01) increase in chlorophyll a.^  
chlorophyll b and total chlorophyll over nematode inoculated 
control plants occurred (Table 3). 
Sphaerotheca fuliginea caused significant (P <0.01) 
reduction in plant growth, flowering and fruiting of 
cucumber. In presence of flyash at 10 and 25% levels, 
fuliqinea caused less reduction in plant growth in 
comparison to growth reduction caused by S. fuliqinea when it 
was inoculated alone. But from 50-100% flyash levels, the 
growth progressively decreased due to powdery mildew. Similar 
trend was observed in the leaf area of the plants in various 
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treatments (Table 4). S. fuliginea caused significant 
reduction in chl. a, chl. b and total chlorophyll. When 
S. fuliginea and flyash were together, chlorophyll content 
(chl. a, chl. b and total chlorophyll) significantly decreased 
further and were lower than uninoculated plants grown in 
unamended soil. The extent of reduction was related to the 
level of flyash added to the soil. The reductions in 
chlorophyll content at 10 and 25% flyash levels were lower 
than the reduction caused by the fungus alone, i.e. fungus 
alone caused greater reduction when compared with fungus 
inoculated plants grown in 10-50% flyash levels. At 75-100% 
levels, chlorophyll content showed a significantly marked 
decrease in comparison to control plants or plants 
inoculated with the fungus alone (Table 4). 
Root-knot disease 
Meloidoqyne javanica caused galls on cucumber roots 
and reproduced efficiently both in unamended and amended 
soils. Root galling and egg mass productions, number of 
females per gram root and number of eggs per egg mass were 
significantly (P < 0.01) greater at 10 and 25% flyash levels 
than nematode inoculated plants grown in unamended soil. 
Root galling and egg mass production of the nematode 
gradually declined from 50% onwards. Similar reductions were 
observed in number of females and in the fecundity. The 
differences with regard to root galling, number of eggs per 
egg mass and female nematodes per gram root between the 
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Table 5. Effect of flyash content of the soil on root galling, 
egg mass production and female population of Meloldogyne 
javanica on cucumber. 
Treatments 
(flyash % + 
M. javanica) 
No. of 
galls 
plant"^ 
No. of 
egg masses 
plant"^ 
No. 
egg 
of eggs 
mass ^ 
No. of 
^s g ^ root 
0 + N (Control) 94 28 203 132 
10 + N 102 87 281 180 
25 + N 136 110 429 298 
50 + N 37 07 122 90 
75 + N 25 03 87 63 
90 + N 10 0 0 38 
100+ N 0 0 2B 
L.S.D. P=0.05 6.57 7.13 8.77 6.94 
P=0.01 8.90 9.62 11.89 9.14 
Each value Is mean of five replicates 
N = nematode, M. javanica; Inoculum level 2000 J^/pot 
2 = female 
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treatments of flyash were significant at P = 0.01 (Table 5). 
Root penetration by juveniles 
Penetration of juveniles of M. javanica in the roots 
of cucumber was influenced by the amending of soil with 
flyash (Table 6). There was no significant difference at 
24 h between unamended (control) soil, and soil amended with 
10 and 25% flyash. A significant (P <0.05) decrease in 
penetration of juveniles, however, occurred at 50 to 100% 
flyash levels. At other time intervals (48 , 72, 96 and 144 h) 
penetration of juveniles increased at 10 and 25% flyash level 
and progressively decreased as the flyash level increased 
from 50 to 100%. Penetration of juveniles between 90 and 
100% flyash levels did not differ significantly. 
Hatching and mortality of juveniles 
Juvenile hatching of M. javanica was adversely 
influenced by the water extracts of flyash amended soils. A 
stepwise decrease in the juvenile hatching occurred as the 
level of flyash increased. The flyash content of the soil 
was related to the per cent inhibition of hatching. The 
inhibition was highest in v^ater extracts from 10 0 and 90% 
flyash levels, followed by 75% and 50%. Lowest inhibition 
occurred in soil extracts from 25 and 10% flyash. Water 
extracts of flyash amended soils induced variable degree pf 
juvenile mortality and per cent mortality was dependent on 
the level of flyash added to the soil. In general, the 
1 4 8 
Table 6. Effect of flyash content of soil oh juvenile penetration of 
Meloldogyne javanica in cucumber roots. 
Treatments Penetration of juveniles (%) 
(flyash % + 
M. javanica) 
24 h 48 h 72 h 96 h 14 4 h 
0 + N (control) 13.20 18.55 22.42 28.20 33.00 
10 + N 11.75 21.40 26.00 31.90 37.80 
25 + N 12.80 24.80 29.75 35.50 41.95 
50 + N 10.72 14.70 17,95 20.45 28.50 
75 + N 0.30 11.90 14.05 16.25 23.13 
90 + N 5.80 8.85 10.25 12.10 15.70 
100 + N 4.50 7.00 9.32 10.80 14.55 
L.S .D. P=0.05 2.00 1.74 2.41 2.53 2.74 
P=0.01 2.81 2.44 3.38 3.50 3.65 
Each value is mean of three replicates. 
N = nematode, M. javanica 
1 4 9 
per cent mortality of juveniles progressively increased in 
all the concentrations with an increase in exposure period 
(i.e. 12, 24, 48, 72 and 96 h) . However, there was no 
significant difference in per cent mortality between water 
extract from control (unamended soil extract), and extracts 
from 10 and 25% flyash levels amended soils at 12, 24, 48, 72h 
of exposure. At 90 and 100% levels and 72, 96 h of exposure, 
the difference in the per cent mortality between these two 
treatments was not significant (P<0.01) (Table 7). 
Morphometries 
Mature females of M. javanica showed significant 
(P <0.05) increase in body length and width, median bulb 
length and width at 10 and 25% flyash levels when compared 
with control (unamended soil), but from 50-100% levels, there 
was a significant decrease in the parameters. Variations in 
neck length and width were not significant between control, 
10 and 25% flyash levels but both the parameters were 
significantly reduced from 50% onward and there was no 
difference in the length and width of neck between 75, 90 and 
100% levels. On the other hand, there was no significant 
difference in stylet length and stylet kncfc width between all 
the treatments (Table 8). 
Powdery mildew 
Sphaeretheca fuliginea readily infected cucumber. 
The per cent infected leaf area of plants grown in soils 
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amended with different levels of flyash showed that the 
infection was more severe at 10% flyash level than plants 
inoculated with the fungus alone. It was followed by the 
plants at 25% flyash level but there was a decrease in the 
per cent infected leaf area at all higher levels of flyash. 
No discernible change in conidial dimensions in terms of 
length and width occurred. The number of fibrosin bodies 
varied but this variation was not significant. Conidia.from 
plants inoculated with the fungus alone without flyash 
treatment showed higher germination. But the variations in 
relation to conidial germination between the treatments were 
not significant. However, at 90 and 10 0% levels, significant 
(P<0.01) decrease in germination was observed (Table 4). 
DISCUSSION 
Flyash ameliorated the plant growth of cucumber. As 
a result, flowering the fruiting were improved. The amendment 
of soil with flyash of the Thermal Power Plant origin appears 
to be promising for use in improving the crop growth. These 
effects were, however, related to flyash content of soil. The 
results of the present study, in general are in accordance 
with those of Plank and Martens (1973); Plank ^ (1975); 
Schnappinger ^ al. (1975); Martens and Beahm (1976); Elseewi 
^ al. (1978a, 1978b; 1980). Increased yield of alfalfa with 
applications from 8 to 32 tonnes of flyash per acre to an 
acidic cecil soil (Martens and Plank, 1973) and by 
application of 20-30tonnes of flyash per hectare on strip mine 
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soils (Wochok et , 1976) have been reported. The increase 
in all considered growth parameters/ chlorophyll content of 
leaves and flowering and fruiting of cucumber at 10 and 25% 
flyash levels observed in the present study, may be 
attributed to the presence of utilizable plant nutrients in 
flyash (Druzina ^ / 1983). Analysis of the flyash used 
in the study showed that some utilizable nutrients like K, Zn, 
B, Mn etc. were available. Flyash neutralizes soil pH upto 
some extent and increases ion exchange capacity, water 
holding capacity and porosity (Jones and Straughan, 1978; 
Andriano et . , 1980; Elseewi et , 1981). These 
favourable effects of flyash in soil might be also 
additionally responsible for amelioration of plant growth and 
increased flowering and fruiting of cucumber. The beneficial 
effects of flyash were optimal at 10-25%. At higher levels, 
plant growth, flowering and fruiting and chlorophyll content 
were adversely affected and these effects were related to the 
level of flyash in the soil. Rohrman (1971) reported that 
flyash consists of less than 10% water soluble compounds and 
Furr et (1977) reported increased availability of B, Cu, 
Mn, and Zn in the flyash amended soil. At higher application 
rates, adverse effect of flyash on plant growth is attributed 
mainly to micro-nutrient excess, particularly from boron (B) 
(Capp and Engle, 1967; Capp and Faber, 1970; Mulford and 
Martens, 1971; Adriano et al^ . , 1980). The adverse effects of 
flyash at higher concentrations may also be due to toxic 
effects of the compounds like dibenzofuran and dibenzo-P-dioxin 
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mixture and heavy metals found in flyash (Kamath, 1979; 
Helder et al., 1982; Mishra and Shukla, 1986; Wong and Wong, 
1986). At higher levels of flyash (50-100%), such toxic 
substances might have been enough in concentration to 
suppress the plant growth and flowering and fruiting of 
cucumber. The flyash analysis has shown that a number of 
toxic heavy metals, like Pb, Co, Ni, Cd and Cr were present. 
Additionally, the nutrients available in the soil which were 
used for amendments became low in concentration because of 
the increased concentration of flyash and in 10 0% level there 
was no soil, in fact,as the plants were grown in flyash 
directly. At higher levels of flyash, the greater amount of 
toxic substances possibly dominated over the favourable 
nutrients and ultimately the plant growth suffered. Thus, 
the flyash emanating from the coal-based thermal pwere plants 
like one included in present study may be beneficial for crops 
like cucumber, if present in appropriate concentrations at 
which the toxic substances claimed to be present in flyash 
are not harmful because the beneficial effects mask the 
harmful effects and as a result better crop growth and yield 
are achieved. 
Flyash content of the soil influenced root galling 
and egg mass production my M. javanica. Greater root galling 
and egg mass production by the nematode may also 'be 
attributed to altered physical and chemical characteristics 
of soil by amendment with flyash. Increased soil porosity 
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favours movement of juveniles in the soil (Sasser, 1954; 
O'Bannon and Reynolds, 1961). Increased soil porosity and 
water holding capacity might have favoured the greater root 
ingress of juveniles. The results from the penetration 
experiment which showed that root penetration was favoured in 
soils amended with flyash especially at 10 and 25% levels 
supports this contention. Greater ingress of juveniles 
caused more root galling and egg mass production especially 
at lower levels i.e. 10 and 25%. But at higher levels 
( 5 0 - 1 0 0%) increased concentration of substances that were 
toxic to the nematodes adversely affected root galling and 
suppressed reproduction which reflected into lower number of 
eggs per egg mass of the nematode. This pattern in the 
effects of flyash was confirmed by higher penetration at 
lower levels and smaller at higher levels. The significant 
increase in body length and width of mature females of the 
nematode in plant roots grown in lower levels of flyash, may 
be due to greater availability of potassium present in flyash 
and moderate range of pH value (7.4-7.6). Oteifa (1953) 
found rapid development and egg deposition of M. incognita as 
the level of potassium increased in soil. The toxicity of 
the chemicals present in the amended soils is evident from 
the effects of their water extracts on hatching and juveniles 
mortality. The water extracts from flyash amended soils 
suppressed hatching of M. javanica and caused their death. 
These effects were correlated with the amount of flyash added 
to the soil. Electrical conductivity and pH of the soil was 
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found to be influenced by the flyash content of the soil and 
increased due to excessive amount of soluble substances in 
the extracts with increasing level of flyash in the soil. 
Evidently, the toxic substances present in flyash inhibited 
hatching and increased juvenile mortality. 
Sphaerotheca fuliginea, is an obligate parasite 
infecting aerial parts of the host. The increased disease 
intensity on foliage of the plants grown in 10% flyash level 
may be due to luxuriant/ growth of cucumber plants obtained in 
soil amended with this level of flyash. Excessive absorption 
of certain toxic substances present in flyash might have 
caused poor growth of plants, grown in soil amended with 
higher levels of flyash which in turn caused reduced disease 
severity. These influences of flyash on powdery mildew 
development did not cause discernible change in conidial 
dimensions, number of fibrosin bodies and their germination 
efficiency. 
157 
SECTION III 
Experiment 2 
EFFECT OF FLYASH DEPOSITION ON PLANT GROWTH AND DEVELOPMENT 
OF ROOT-KNOT AND POWDERY MILDEW ON CUCUMBER 
Flyash is a fairly stable particulate pollutant and 
it accumulates in the environment through deposition on 
surfaces of materials and vegetation. During the survey 
(Expt. 1) it was observed that broad-leaved plants including 
cucurbits grown around the Thermal Power Plant, Kasimpur had 
heavy deposition of particulates and such plants apparently 
looked poor in growth. The present experiment was conducted 
to assess the impact of flyash deposition on foliage on plant 
growth and chlorophyll content of leaves of cucumber and its 
influence on root-knot and powdery mildew development in 
artificial treatments in glasshouse. 
MATERIALS AND METHODS 
Plant culture and treatments 
Seedlings of cucumber Cucumis sativus L. (cv. Point 
Sett) were raised in autoclaved soil (clay, sand and compost 
manure in the ratio of 7:3:].) filled in 30 cm clay pots. 
After the seedlings got established, they were thinned to one 
seedling per pot. The treatments/inoculations were done when 
seedlings were 3-week-old. Each treatment consisted of fiye 
replicates and pots were kept in a randomized complete-block 
design in the glasshouse. The treatments were as follows : 
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= Control (untreated) 
— Plant + 2 g flyash m •2 day~^ 
= Plant + 5 g flyash m~ •2 ^ -1 day 
= Plant + 8 g flyash m" •2 day"^ 
Plant + M. iavanica 
= Plant + M. javanica + -2 -1 2 g flyash m day 
= Plant + M. javanica + -2 -1 5 g flyash m day 
= Plant + M. javanica + -2 -1 8 g flyash m day 
= Plant + S. fuliqinea 
^10 = Plant + S. fuliqinea + 
-2 -1 2 g flyash m day 
^11 = Plant + S. fuliqinea + 
-2 -1 5 g flyash m day 
^12 = Plant + S. fuliqinea + 
-2 -1 8 g flyash m day 
^13 = Plant + M. javanica + 
-2 -1 S. fuliqinea m day 
^14 = Plant + M. javanica + S. fuliqinea+2 q flyash m 
• 2 -day • 
^15 = Plant + M. javanica + S. fuliqinea+5gflyash m~ ^day" 
^16 = Plant + M. iavanica + S . fuliginea+8 q flyash m" •^day" 
Flyash application 
The flyash used in the present study was obtained 
from the Thermal Power Plant, Kasimpur. Dusting of flyash 
was done with ASPEE Plastic duster (American Spring and 
Pressing Works, Pvt. Ltd. Bombay) delivering flyash particles 
uniformly. For application, potted plants of the treatments 
(five replicates of each) designated to receive flyash were 
placed in a meter square area and 2, 5 and 8 g of flyash was 
dusted over the pots every day according to the dosage of the 
treatment. The application was continued upto 30 days. A 
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shower of water was also applied after each dusting. To 
prevent flyash from being deposited on the soil surface in 
pots, before dusting of flyash, the pots were kept in 
polythene bags and the upper parts of the bags were tagged 
with the plants with the help of rubber band. Plants were 
irrigated by removing the rubber band and exposing the soil 
surface as and when required. Plants receiving no flyash and 
either of the pathogens served as control. 
Inoculation with Meloidogyne javanica 
The seedlings of cucumber in pots designated to 
receive M. javanica were inoculated with freshly hatched 
second stage juveniles (J2) obtained by incubating egg mases 
collected from roots of eggplant maintaining pure population 
of M. javanica. The inoculum level was 2000 J2 per pot, and 
inoculation was done 2 days prior to flyash dusting by the 
method given in the Experiment 1 under this section. 
Inoculation with Sphaerotheca fuliginea 
The seedlings of cucumber were inoculated with 
S. fuliginea two days prior to flyash dusting, by dry dusting 
of conidia from infected cucumber leaf over the abaxial 
surface of the leaves. 
In concomitant inoculations, M. javanica and 
S. fuliginea were inoculated simultaneously and flyash was 
applied two days after itiocLilation of both the pathogens. 
All treated plants were kept in glasshouse at 27 + 2"C till 
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the termination of experiment. 
Parameters 
On day 55, when the experiment was terminated, plant 
yrowth parameters like plant length, fresh and dry weights of 
shoot and roots, leaf area and number of flowers and fruits 
per plant were recorded. In addition, chlorophyll content of 
fresh leaves, intensity of root-knot disease in terms of 
number of yalls and egg masses per plant, number of eggs per 
egg mass and female nematode population per gram root were 
determined. The means of replicates were calculated and data 
were subjected to analysis of variance and L.S.D. at P = 0.05 
and P = 0.01 were calculated. Powdery mildew development was 
determined by measuring the leaf area infected with powdery 
mildew, conidial dimension (length x width), fibrosin bodies 
per conidum and per cent germination of conidia by the 
methods described in the Experiment 2 under the section I. 
RESULTS 
Effect of flyash dusting on plant growth and chlorophyll content 
A significant (P <0.05) increase occurred in plant 
growth parameters (plant length, fresh and dry weights of 
shoot, roots and leaf area) v/ith dusting of flyash at the 
- 2 - 1 rate of 5 g m day when compared with untreated control 
plants. The increases in the parameters recorded with 
- 2 - 1 
2 g m day were not significant. Dusting with flyash at 
- 2 - 1 the rate 8 g m day , caused reductions in the parameters. 
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But the differences with the untreated control were not 
significant at P = 0.05 except the plant length. Flyash 
- 2 - 1 dusting at 2 and 5 g m day favourably influenced the 
flowering and their number significantly (P<0.05) increased. 
- 2 - 1 
But at 8 g m day number of flowers were significantly 
reduced (P <0.05). All the three flyash treatments, 
however, caused significant reduction in number of fruits 
{P<0.05). Chlorophyll content (chl.a,chl.b and total chl.) - 2 - 1 of leaves increased significantly (P <0.01) in 2 and 5 g m day 
flyash treated plants but a marked decrease occurred in 
- 2 - 1 8 g m day flyash treated plants (P <0.01). Closer 
observation of the flower buds showed that most of them were 
- 2 - 1 
injured particularly at the higher ( B g m . day; ) rate due to 
deposition of flyash particles (Table 1). 
Effect of M. javanica and S. fuliginea on plant growth 
Sphaerotheca fuliginea and M. javanica individually 
caused significant (P, <0.05) reductions in the considered 
parameters of plant growth, fuliginea caused significantly 
greater reduction than M. javanica. In their simultaneous 
inoculation, reduction occurred in all the growth parameters 
and the sum of reductions caused by M. javanica and 
fuliginea in simultaneous inoculation was greater than the 
sum of reductions caused by the nematode and the fungus 
individually. Similar trends in their individual and in 
their combined inoculations were also noticed in number of 
flowers and fruits produced by the plants. Chlorophyll 
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content of the leaves was reduced by _S. fuliglnea and 
M. javanica individually, the funyus causing greater 
reduction. Their combined effect resulted in greater 
reduction in chlorophyll content than the total of reductions 
caused by S. fuliginea and M. javanica acting alone (Table 1). 
Effect of M. javanica and flyash dusting on plant growth 
A significant reduction (P <0.05) in all growth 
parameters was observed in plants inoculated with the 
nematode. When the nematode and flyash at the rate of 2 and 
- 2 - 1 
5 9 m day were combined, the reductions observed in growth 
parameters were not significantly different from the plants 
inoculated with the nematode alone. But significantly 
differed from the nematode inoculated plants (P <0.01) at 
- 2 - 1 8g m day rate of flyash (Table 1). 
The nematode alone as well as in combination with 
flyash, significantly (P<0.05) reduced the number of flowers 
and fruits per plant when compared with the untreated 
control plants. In combination with the nematode, flyash, 
regardless of rate of dusting, reduction observed in 
flowering and fruiting did not differ significantly from 
plants inoculated with the namatode alone (Table 1). 
Chlorophyll content of leaves in plants inoculated 
with the nematode and dusted with the three flyash levels was 
significantly (P<0.05) decreased when compared with untreated 
control plants. The reduction caused by the nematode and the 
flyash dustings in combination were not significantly greater 
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- 2 - 1 
than that caused by the nematode alone except at 8 g m day 
(Table 1) . 
Effect of S. fuliqinea and flyash dusting 
Spherotheca fuliqinea alone in the combination with 
the flyash dusting caused significant reductions in all the 
considered growth parameters, chlorophyll content and number 
of flowers and fruits when compared with untreated control. 
An increase in plant length fresh and dry weights occurred 
when plants inoculated with fuliqinea were dusted with 
flyash. Fresh and dry weights of shoot., and roots were 
significantly (P<0.05) increased in plants treated with 2, 5 
- 2 - 1 
and 8 g m day flyash in comparison to plants inoculated 
with the fungus alone. Leaf area, number of flowers, fruits 
per plant and chlorophyll content of leaves, however, did not 
differ significantly between these treatments (Table 1). 
Effect of M. javanica, S. fuliqinea and flyash dusting 
Plant length, fresh and dry weights, leaf area, 
flowering and fruiting and chlorophyll were greater in plants 
treated with all the three, the nematode, the fungus and 
flyash, regardless of the rates, together than plants 
inoculated with the nematode and the fungus together. But the 
parameters, were significantly smaller in concomitant 
presence of all the three than untreated control plants. 
Among the concomitant treatments, plants receiving nematode 
and fungus simultaneously with no flyash showed significantly 
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greater growth reduction in comparison to plants treated with 
both the pathogens and flyash together (Table 1). 
Root-knot disease 
Root-knot disease intensity/ determined in terms of 
number of galls, egg masses per plant/ fecundity and root 
population of nematodes were not significantly affected due 
to flyash deposition on aerial parts of cucumber plants 
inoculated with the nematode and flyash/ irrespective of 
- 2 - 1 
rates. An increase with 5 and 8g m day / and decrease with 
- 2 - 1 
2 g m day noticed in number of galls/ egg masses, 
fecundity and root population of females were not 
significant. When the fungus and nematode were together, a 
significant increase occurred in all the considered 
parameters compared with plants inoculated with the nematode 
alone. 
When flyash was combined with the nematode and 
fungus, a significant decrease occurred in all the studied 
parameters in comparison to the plants, inoculated with the 
fungus and nematode in combination. The decrease was 
stepwise, with increase in the rate of flyash dusting but the 
differences observed due to variations in the rates were not 
significant (Table 2). 
Powdery mildew 
The development of powdery mildew measured in terms 
of infected leaf area was adversely affected by flyash 
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applications, at all the three rates. Greatest per cent 
infected leaf area was recorded on plants infected with 
S. fuliqinea and M. javanica together. Similarly greatest 
per cent conidial germination and number of fibrosin bodies 
per condium were found in this inoculation treatment. There 
was no discernible change in the conidial dimensions observed 
between all the treatments. Number of fibrosin bodies per 
condium were significantly reduced in conidia collected from 
flyash treated plants. Greatest number of fibrosin bodies 
were recorded from plants inoculated with the fungus alone or 
the fungus and nematode. Viability of conidia as evidenced 
from their germination was Ipwer in all flyash treated 
plants. Highest percentage of conidial germination was 
recorded in concomitant inoculation of the fungus and the 
nematode followed by the fungus alone but the differences 
were not significant. Higher flyash application rates (5g and 
- 2 - 1 
8 g m day ) inhibited conidial germination. Percentage of 
conidial germination was significantly (P <0.01) decreased in 
all the flyash treated plants compared with plants treated 
with either the fungus alone or the nematode and fungus 
concomitantly (Table 3). 
DISCUSSION 
Flyash comprises finely divided particles of ash 
entrained in flue gases arising from combustion of coal and 
is fairly stable pollutant and it accumulates in the environment 
xo 
through deposition on surfaces of materials and plants (RaO/ 
1985). The plant height,fresh and dry weights and leaf area 
of cucumber were considerably increased with application of 
- 2 - 1 the flyash at rate of 5 g flyash m day . But it became 
detrimental for the plant growth when the dusting rate was 
- 2 - 1 - 2 - 1 
increased to 8 g m day . At the lowest used rate of 2 g m day , 
no significant increase in plant growth occurred. Flyash 
analysis data (Expt. I, Table 1) showed that some mineral 
elements as well certain heavy metals like Pb, Co, Ni, Cd and 
Cr, were present in flyash collected from the Thermal Power 
Plant, Kasimpur. The increased growth response of cucumber 
may be attributed to the increased availability of mineral 
elements through the leaf surface. Presence of water soluble 
compounds in flyash (Rohrman, 1971) and transport of elements 
through intact leaf cuticle and stomata (Murray 1984) have 
been reported. Reduction in plant growth at higher flyash - 2 - 1 
dusting rate (8 g m day ) may be due to excessive uptake 
and accumulation of mineral elements especially boron (Mishra 
and Shukla, 1986) and salinity caused by excessive soluble 
salts on the leaf surface. Phytotoxicity resulting from 
excessive uptake of boron in fresh bean, Phaseolus vulgaris 
and Rhodes grass, Chloris garyana was observed by Aitken and 
Bell (1985). The toxic effect of the compounds like 
dibenzofuran and dibenzo-p-dioxin mixture and heavy metals 
found in flyash (Kamath, 1979; Helder et , 1982; Sawyer 
and Bandiera, 1983; Wong and Wong, 1986) might have also 
contributed towards this growth reduction of plants. A good 
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number of flowers persisted in all flyash dusted plants but a 
high number of flowers failed to develop fruits apparently 
because of thin layer of flyash deposited on the stigmatic 
surfaces of the opened flowers which might have inhibited 
pollen germination, and pollen-tube growth leading to 
failure of fertilization and subsequent fruit setting. 
—2 —1 
Increase in the chlorophyll content at 2, 5 g m day dusting 
rate is attributable to shading effect caused by flyash 
depositon (Misra et , 1986; O b l i s a m i ^ / 1978). But 
the alkalinity resulting from the higher dusting rate 
- 2 - 1 
(8 g, m day ) (Mulchi and Armbruster, 1981), reduced the 
quantum of solar radiation reaching the plants (Czaja, 1962; 
Bohne, 196 3; Rao, 1985) and increased foliar temperatures of 
the densely covered leaves adversely affected chlorophyll 
synthesis (Mark, 1963; Rao, 1971). 
The flyash dusting apparently had no significant 
influence on nematode development. M. javanica caused 
reduction in plant growth and chlorophyll content of leaves 
by infecting the roots. Meloidogyne species, a sedentary 
parasite of roots of plants induce formation of giant cells 
in the stele and cause extensive disruption of xylem and 
reduce root conductivity which in turn impairs absorption 
and conduction of water and minerals and as a result plants 
show poor growth (Ahuja and Ahuja, 1980; Brueske, 1980; 
Clarke and Hennessy,1984). However, the plants inoculated with - 2 - 1 M. javanica, when dusted with flyash at the rate of 8 g m day 
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suffered greater growth losses due to cumulative effect of 
the nematode and flyash. 
Flyash dusting adversely affected the powdery mildew 
development. The crust, formed through deposition and flyash 
particles on leaves, releases alkaline solutions on 
hydration. The alkaline solutions penetrate stomata on the 
upper leaf surface and injure cells beneath (Czaja, 1962) . 
This damaged epidermis would have affected the infection and 
establishment of the host—parasite relationship of the 
powdery mildew on cucumber and also possibly the viability of 
conidia in relation to germination particularly at higher 
dusting rate, since the conidia from plants treated with 
- 2 - 1 
8 g m day flyash showed poor germination. M. javanica and 
S. fuliqinea when combined showed a synergistic interaction. 
Interactive effect of the pathogens resulted in greater root 
galling and egg mass production, greater fecundity and female 
population. Similarly, S. fuliqinea luxuriantly developed on 
the leaf surface and its development was evidenced by larger 
leaf area infection, higher number of fibrosin bodies and 
conidial germination. Both the pathogens, fuliqinea 
present on the aerial parts of plant and M. -javanica on the 
roots, developed indirect host-mediated relationship causing 
greater damage to the host. Such synergistic interactions 
between nematodes and fungal plant pathogens, particularly 
root infecting fungi have been observed in several instances 
(Powell, 1971, 1979). Interaction of this kind, when the 
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nematode infected the roots and the fungus the foliage are 
not very many (Powell and Batten, 1967; Couquil and Shepherd, 
1970). Poor development of powdery mildew on plants dusted 
- 2 - 1 
with 2, 5 and 8 g m day flyash and inoculated with the 
nematode, revealed that flyash was antagonistic to the fungus 
development and as a consequence plants showed a significant 
improvement in growth in comparison to the plants inoculated 
with nematode and fungus simultaneously with no flyash. 
SECTION IV 
RESPONSE OF CUCUMBER CULTIVARS TO SOj AND EFFECT ON THE SEED 
GERMINATION AND SEEDLING MORTALITY OF CUCUMBER 
Plant species and cultivars differ in their degree 
of injury sustained from the same level of SO2 exposure 
(Bressan et a^. , 1978). Cucurbits usually exhibit wide range 
of sensitivity of SO2 (Thomas and Hendricks, 1956). The 
objective of the present study was to determine the relative 
sensitivity of ten cucumber cultivars to low and moderate 
concentration of SO2 in artificial exposures. In addition, 
effects of SO2 on seed germination and post-emergence 
seedling mortality of cucumber were also determined. 
MATERIALS AND METHODS 
Cultivar sensitivity test 
Seeds of ten cucumber cultivars namely. Foot Kakri, 
Poona White Wonder, All Season, Improved Long Green, Sutton 
Long Green, Barsati Lamba, Kakri Tar, Long White, Aligarh 
Local and Point Sett were planted separately in 30-cm-d clay 
pots filled with autoclaved soil (field soil, sand, compost, 
7:3:1, v:v:v). Three week-old seedlings (one seedling per 
pot) were exposed to 0.05 and 0.10 ppm SO2 3 h day~^ twice a 
week for four weeks. Each treatment was replicated eight 
times. The pots were arranged in randomized blocks on the 
glasshouse benches. Plants were regularly observed for 
appearance of visible symptoms on the leaves. Adequate 
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moisture in pots was maintained throughout the experiment by 
adding water. At termination of the experiment after 30 days 
from the start of exposure, per cent leaf injury was 
determined by measuring the leaves of plant from three pots of 
each treatment by planimeter. Sensitivity .grades were 
allocated to cultivars according to the following scale of 
per cent leaf injury : 
0 - 10% = Resistant 
11 - 30% = Moderately resistant 
31 - 60% = Moderately sensitive 
61 - 100% == Highly sensitive 
Plants from the remaining five replicates of each 
treatment were uprooted and roots washed to remove soil 
particles. Dry weights of roots and shoots were,determined 
by drying the plants in a hot air oven at 70°C for 72h. The 
means of replicates were calculated and data were subjected 
to ANOVA and L.S.D. at P = 0.05 was calculated. 
Seed germinatdDn test 
Seeds of cucumber (cv. Point Sett) soaked in 
sterilized water for 5 h, were spread on moist filter paper 
placed in sterilized 10-cm-d petriplates (100 seeds per plate). 
The seeds in the petriplates were exposed to 0.01, 0.02, 0.05, 
0.10, 0.20, 0.50, 1.00, 2.00 and 5.00 ppm of SO2 for 12 h 
continuously in the dynamic exposure chamber. Water soaked 
seeds placed in petriplates and exposed for 12 h to ambient 
air served as control. All the treatments were replicated 
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five times. The exposed seeds in petriplates were incubated 
in a B.O.D. incubator (30 +2°C). The number of seeds that 
had germinated after 7 2 h v/ere counted and per cent seed 
germination was calculated for each treatment. 
Seedling mortality 
Seeds of cucumber (cv. Point Sett) were planted in 
30-cm-d clay pots (10 0 seeds per pot) containing sterilized 
field soil. Pots were separated into 10 sets, each 
consisting of five pots (replicates). Three days after seed 
sowing when the seedlings had emerged, the pots with 
seedlings were exposed to 0.01, 0.02, 0.05, 0.10, 0.20, 0.50, 
1.00, 2.00 and 5.00 ppm SO^ daily 1 h for a week in dynamic 
state exposure chamber. Seedlings exposed to ambient air 
served as control. Numbers of dead and surviving seedlings 
were recorded four days after the last exposure, and per cent 
seedling mortality calculated for each treatment. 
RESULTS 
Sensitivity of cucumber cultivars 
All the cucumber cultivars tested exhibited 
various degree of leaf injury when exposed to 0.05 and 
0.10 ppm. The leaves shov/ed chlorosis, bleaching of 
intercostal areas and interveinal necrosis. The symptoms 
appeared on the plants after 5 exposures with 0.05 and 3 
exposrues with 0.10 ppm. The per cent leaf injury increased 
176 
with descending leaf position. Fully emerged middle age 
leaves and older leaves sustained greater leaf injury in 
comparison to younger leaves towards apex. Symptoms were 
more extensive in plants exposed to 0.10 ppm than 0.05 ppm. 
All cultivars exposed to 0.10 ppm showed reduced dry 
weights of roots and shoots in comparison to control. All 
Season, Aligarh Local and Sutton Long Green cultivars of 
cucumber were resistant to 0.05 and moderately resistant to 
0.10 ppm. A significant (P<0.05) decrease in shoot, root dry 
weights of these cultivars were recorded when exposed to 
0.10 ppm SO2. Kakri Tar, Poena White Wonder and Barsati 
Lamba were moderately resistant to 0.05 and moderately 
sensitive to O.lOppm as evidenced from their percentage of leaf 
injury. The reduction in shoot and root dry weights of the 
plants were significant (P<0.05) in comparison to their 
respective controls (Table 1). Highest per cent leaf injury 
was recorded in cv. Foot Kakri followed by Long White, 
Improved Long Green and Point Sett. These cultivars were 
highly sensitive to both 0.05 and 0.10 ppm SO2 
concentrations. Leaves showed severe necrotic injuries in the 
interveinal areas and defoliation of matured leaves occurred. 
A significant reduction (P <0.05) in dry weights of shoot and 
root were recorded at both the levels of SO2. Among these 
four cultivars, reductions were greater in Foot Kakri 
followed by Long White, Improved long Green and Point Sett 
(Table 1). On the basis of per cent leaf injury and 
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T a b l e 1. S e n s i t i v i t y of some c u c u m b e r c u l t l v a r s to SOj. 
C u l t l v a r s SOj c o r c . Dry weight (g) Reduction ovar 
control (%) 
Leaf i n j u r y 
( ppm) Shoot Root Total ( % ) 
Foot K a k r l 
L . S . D . P=0.05 
0 
0 .05 
0.10 
A.02 
2 .58 
2 .00 
l. ' .O 
0.90 
0 .60 
0.52 
0 .28 
4 . 9 2 
3 . 1 8 
2 .52 
1 .68 
0 
34 .93 
48.78 
0 
7 0 . 3 
7 8 . 1 
Poin t Set t 
L . S . D . P=0.05 
0 
0 .05 
0 .10 
2.90 
2.12 
1 .98 
0 .56 
0.8A 
0 .66 
0.A2 
0 .16 
3 .74 
2 ,78 
2 , 4 0 
0 ,74 
0 
25.66 
35,82 
0 
60 .0 
6 4 . 5 
All Season 
L . S . D . P=0.05 
0 
0 .05 
0 .10 
2.AO 
2 .31 
2 .00 
0 .38 
0.50 
0.A6 
0.39 
0 .09 
2 ,90 
2 .77 
2 ,39 
0 . 4 9 
0 
4 .48 
17.58 
0 
Chloros is 
15 .0 
I m p r o v e d Long Green 
L . S . D . P=0.05 
0 
0 .05 
0.10 
3 .50 
2.80 
2 . 5 3 
0 .68 
1 .01 
0 .60 
0.A3 
0 .39 
4 . 5 1 
3.40 
2 .96 
1 .08 
0 
24 .61 
34 .35 
0 
6 2 . 5 
6 5 . 8 
Sut ton Long Green 
L . S . D . P=0.05 
0 
0 .05 
0.10 
3.10 
2 . 9 2 
2.62 
0 . ' .3 
0 .72 
0.68 
0.A2 
0 .28 
3 .82 
3 ,60 
3.04 
0 . 7 5 
0 
5 ,75 
20 .41 
0 
5.0 
25 .5 
B a r s a t i Lamba 
L . S . D . P=0.05 
0 
0 .05 
0 .10 
1 .98 
1 .68 
1 .58 
0 .28 
0 .36 
0 .26 
0.2A 
0 .09 
2 ,34 
1 ,94 
1,82 
0 , 3 3 
0 
17.09 
22,22 
0 
22.5 
4 0 . 0 
K a k r l T a r 
L . S . D . P=0.05 
0 
0 .05 
0 .10 
A.31 
3 .75 
3 .56 O.S'i 
1.20 
1 .04 
1 .01 
0,14 
5 , 5 1 
4 , 7 9 
4 ,57 
0 . 7 0 
0 
13.06 
17.05 
0 
30.0 
50 .2 
Long V^hlte 
L . S . D . P=0.05 
0 
0 .05 
0 .10 
2 .56 
1.80 
1 .55 
0 .75 
0 .68 
0 .45 
0 .39 
0 ,24 
3 .24 
2 .25 
1,95 
0 ,96 
0 
30 .55 
39 .81 
0 
65.7 
7 0 . 3 
Poona VVhlte VJonder 
L . S . D . P=0.05 ^ 
0 
0 .05 
0 .10 
2.72 
2 .12 
1 .78 
0 .25 
0.56 
0 ,42 
0 ,38 
0 ,13 
3 . 2 8 
2 .54 
2 .16 
0 , 3 3 
0 
22.50 
31.70 
0 
28 .3 
45 .0 
A l l g a r h Loca l 
L . S . D . P=0.05 
0 
0 .05 
0 .10 
A. 17 
4 . 0 2 
3.30 
0 .89 
0 ,88 
0 ,83 
0 ,51 
0 .38 
5 ,05 
4 . 8 5 
3 . 8 1 
1.19 
0 
3.96 
24 .55 
0 
Chloros is 
22.4 
Each f i g u r e Is mean of f ive r e p l i c a t e s . 
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reduction in total dry weight of plants, the order of 
sensitivity to SO2 for different cultivars was as follows. 
All Season > Aligar'h Local > Sutton Long Green > Kakri Tar > 
Poona White Wonder > Barsati Lamba > Foot Kakri > White Long > 
Improved Long Green > Point Sett. 
Gultivars All Season, Aligarh Local and Sutton Long 
Green were resistant to 0.05 ppm and moderately resistant to 
0.10 ppm of SO2. Kakri Tar, Poona White Wonder and Barsati 
Lamba were moderately resistant to 0.05 ppm and moderately 
sensitive to 0.10 ppm. The remaining cultivars. Foot Kakri, 
Long White, Improved Long Green and Point Sett were highly 
sensitive to both 0.05 and 0.10 ppm concentrations of SO2. 
The leaf injury was directly related to growth inhibition 
1.e., greater the leaf injury higher the reduction in plant 
dry weight. 
Seed germination and seedling mortality 
SO2 exposure of seeds of cucumber affected their 
germination, particularly at higher concentrations. Percent 
germination obtained with 0.01, 0.02, 0.05, 0.10, 0.20 and 
0.50 ppm of SO2 did not differ from control. The seeds 
exposed to 1.00, 2.00 and 5 .0 0 ppm showed a decreased (P <0 .05 ) 
per cent germination. SO2 5.00 ppm was most effective 
followed by 2.0 0 and 1.0 0 ppm (Table 2). 
No post-emergence mortality of seedlings occurred 
when exposed to 0 .01, 0 .02, 0 .05 ppm. The mortality of the 
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Table 2. Effect of SO2 exposures on the seed germination and seedling 
mortality of cucumber. 
SO2 cone. 
( ppm ) 
Seed germination 
( % ) 
Reduction over 
control ( 7o ) 
Seedling mortality 
( % ) 
0 91.00 ( 72.54 ) 0 2.50 ( 9.10 ) 
0.01 87.81 ( 69.56 ) 3.50 4.00 ( 11.54 ) 
0.02 86.26 ( 68.28 ) 5.20 5.30 ( 13.31) 
0.05 84.76 ( 66.97 ) 6.85 6.50 ( 14.77 ) 
0.10 83.51 ( 66.03 ) 8.23 12.30 ( 20.53 ) 
0.20 79.20 ( 62.87 ) 112.96 15.00 ( 22.79 ) 
0.50 71.90 ( 57.99 ) 23.84 16.10 ( 23.66 ) 
1.00 66.80 ( 54.82 ) 27.47 21.32 ( 27.49 ) 
2.00 59.80 ( 50.65 ) 34.28 25.40 ( 30.26 ) 
5.00 54.50 ( 47.58 ) 40.10 28.20 ( 32.08 ) 
L.S.D. 
(P=0.05) 17.58 11.23 
Each figure is mean of five replicates. 
Figures in parantheses are angular transformed values. 
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seedlings was, however, induced by the higher concentrations 
of SO2. A stepwise increase in the seedling mortality 
occurred (P < 0.05) when the concentration of SO2 was 
increased from 0.10 to 5.00 ppm (Table 2). All the newly 
emerged leaves of seedlings exposed to 1.00, 2.00 and 5.00 ppm 
SO2 became severely chlorotic. 
DISCUSSION 
Seed germination of cucumber was adversely affected 
in artificial exposures of SO2 at higher concentration. 
Hydration or imbibition of seeds, activation of enzymes 
leading to increased metabolic activity within the seed, 
elongation of radicle cells followed by emergence of the 
radicle from the seed coat are the sequential events in the 
successful germination of seeds. Disturbance at any stage in 
this chain of events may inhibit normal course of seed 
germination. It has been found that SO2 inhibited the 
catalytic activity (Nikolayevskiy, 196 6; Dobrovolskie and 
Strikha, 1970; Koziol, 1974; Sung, 1974) by alteration in the 
structure of enzyme molecules (Ziegler, 1973) and reduced 
nitrate reductase activity (Varshney and Varshney, 1979). 
Nandi et al_. (1980) observed reduction in seed germination of 
Phaseolus vulgaris when exposed to SO2, and SO2 + • 
Their study indicated that the reduction caused by exposures 
resulted from reduced activity of catalase and peroxidase and 
reduction in protein content of seeds during germination. 
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Suppression of enzymatic activities which are vital for seed 
germination are mainly regarded as mode of action of 
pollutant on seed germination. Reduced seed germination of 
cucumber might be due to interference of SO2 in the enzymatic 
activity leading to decreased metabolic activity in the seed. 
Post-emergence mortality of seedlings of cucumber was 
adversely influenced by SO2 exposures. Seedling mortality 
was significantly increased from 0.10-5.00 ppm of SO2. These 
concentrations of SO2 might be toxic to the seedlings or the 
seedlings at the tender age after emergence could not resist 
the stress caused by SO2 • Toxic effects of SO2 at these 
concentrations might have adversely affected the enzymatic 
activities during various stages of seedling development 
(Horsman and Wellburn, 1977; Varshney and Varshney, 1979; 
Soldatini and Ziegler, 1979; Wyss and Brunold, 1980; Tanaka 
^ . 1982) . 
Comparative sensitivity of cucumber cultivars tested 
against SO2 exhibited variable range of per cent leaf injury 
and reduction in plant biomass. The leaf injury was directly 
related to growth inhibition of shoot and root. The leaf 
surface in general and stomata in particular are the major 
pathway of pollutant entry into the plant. Unsworth et 
(1972) reported low concentrations (0.10-0.50 ppm) of SO2 
stimulate stomatal opening. Similar observations were also 
made by serveral workers (Mansfield and Majernik, 1970; 
Majernik, 1971; Majernik and Mansfield, 1971, 1972; 
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Biscoe et , 1973). Prolonged stomatal opening may 
facilitate to excessive diffusion of SO2 in the leaf 
mesophyll tissue as a consequence many physiological and 
biochemical processes associated with cells might be affected 
(Mudd, 1973, Malhotra and Hocking, 1976). The cultivars of 
cucumber were found to differ in their sensitivity of SO2 
exposure. The variation may be due to differences in SOj 
absorption by the leaves. Previous investigations have shown 
a good correlation between plant's sensitivity of SO2 and 
number of stomata (Evans and Miller, 1972; Elkiey et al., 
1979). It would be expected that leaves of cucumber 
cultivars with more stomata would show greater conductance of 
SO2 leading to greater leaf damage. Present inference of 
results support the idea of Thomas (1961) that species 
differences in resistance to SO2 are the rusult of 
absorption differences. younger leaves or newly emerging 
leaves of cultivars were distinctly free from visible injury 
whereas matured leaves of the same plant sustained injury. 
Susceptibility of matured leaves may be related to their 
larger leaf area for pollutant absorption in comparison to 
younger leaves. Bressan et (1978) suggested that 
resistance of young leaves is not the result of less 
absorption of SO2 but probable existence in the young leaves 
of a metabolically based resistance to SO2 which is 
developmentally controlled. Jacobson and Hill (1970) 
observed that factors controlling leaf injury are anatomical 
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differences such as amount of air spaces between cells in the 
mesophyll. Changes in the sensitivity of SO2 and other 
pollutants with leaf age have also been reported (Ting and 
Dugger, 1968; Barrett, 1970; Guderian, 1970). Sensitivity of 
cultivars in response to SO^ exposures depend on to what 
extent a cultivar can withstand the adverse effects of 
pollutant. Cultivars All Season, Sutton Long Green and 
Aligarh Local proved to be tolerant to SO2 concentration 
below 0.10 ppm as evidenced from leaf injury and 
insignificant reduction in their plant biomasses in 
comparison to their respective control plants. Cultivars 
namely Foot Kakri, White Long, Improved Long Green and Point 
Sett are most sensitive to even lower levels of SO2 pollution. 
Cultivation of such sensitive cultivars around the point 
source of SO2 may not be desirable. But the cultivation of 
lesser sensitive cultivars like All Season, Aligarh Local and 
Sutton Long Green would be advantageous for crop in reducing 
productivity loss. 
SUMMARY 
The impact of ambient air pollution caused by 
combustion of coal in the Thermal Power Plant, Kasimpur on 
cucurbits, grown in the vicinity, and incidence and intensity 
of root-knot and powdery mildew diseases on cucurbits v/ere 
assessed. Cucurbits like Benincasa hispida, Citrullus 
lanatus, C. vulgaris var. fistulosus, Cucumis melo, 
C. sativus, C. maxima, Lagenaria siceraria were found 
growing around the Thermal Power Plant. Chlorosis, marginal 
necrosis and intercostal necrosis of cucurbit leaves were 
noticed within the 3 km from the point source in three 
directions (N, S & W) and upto 5 km towards wind-ward 
direction (West-East). The air pollution symptoms on 
cucurbits were more pronounced on older than younger leaves. 
Sphaerotheca fuliginea (Schlecht.) Poll, was found 
causing powdery mildew on cucurbits collected from polluted 
and unpolluted areas. Erysiphe cichoracearum DC. was found 
only on B. hispida and a v/ild cucurbit, Coccinia grandis. A 
gradient in the powdery mildew incidence and intensity was 
found. In general, incidence and intensity of powdery 
mildew disease showed a gradual increase with an increase in 
distance from the stack. Incidence and intensity of the 
disease were lowest within a range of 3 km. Conidia collected 
from polluted areas upto 5 km showed relatively poor 
germination in comparison to conidia collected from 5 km 
onwards. 
Meloidoqyne incognita (Kofoid and White) Chitwood, 
M. javanica (Treub) Chitwood and M. arenaria (Neal) 
Chitwood, were found causing root-knot disease on cucurbits, 
M. javanica and M. inco.qnita were more frequently encountered 
than M. arenaria. The incidence of root-knot disease between 
polluted (upto 10 km from the stack) and unpolluted 
(University Agriculture Farm area, 16 km away) areas did 
not differ. However, there was difference in intensity of 
the disease. Gall index on cucurbits within 0.5, 1 and 
2 km in pollluted area was greater. Giant cells induced 
by the nematodes on cucurbits in polluted area were larger 
in size than in unpolluted area. But their number around 
each female nematode head was comparatively less. The 
sizes of mature females between polluted and unpolluted 
areas did not differ. 
Air pollution influenced the soil characteristics 
of field plots at 0.5, 1, 2, 5 and 10 km away from the 
L^tack towards wind-ward direction was sandy loam while 
in unpolluted area {16km away from the stack) it was loamy 
sand. Soil pH was 6 . 8 - 7 . 6 in polluted area and 7.7 in 
unpolluted area. Porosity, water holding capacity, soil 
conductivity, and organic matter content were higher in 
polluted area particularly at 0.5 km distance from the 
stack. Similarly, sulphate, carbonate, bicarbonate, and 
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chloride contents of soils were slightly higher in polluted 
than unpolluted area. 
The effects of ambient air pollution on growth of 
cucumber and development of root-knot and powdery mildew 
diseases were determined in artificial inoculations at two 
study sites (S^ and S2) in open wire net-houses located at 
0.5 and 2 km away from the stacks of the Thermal Power 
Plant. A site (C), 16 km away from Kasimpur at University 
Agriculture Farm, Aligarh was selected as cantrol site for 
comparison. Air pollution monitoring for determining the 
concentration of SO2, NO2 and particulate deposition was 
done at the both polluted sites (S^ ^ and 2^) during 
experimentation period. The ambient air around Thermal 
Power Plant contained SO2/ NO2/ suspended particulate matter 
(SPM)^ and flyash. The concentration of pollutants was 
greater at S^ ^ than 82' The deposition of particulates was 
greater at S^ than S2' In general/ the concentration of 
gaseous pollutants (SO2 and NO2) was greater in winter in 
comparison to summer while the concentration of particulate 
pollutants (SPM and flyash) was greater in summer than in 
winter. 
Chlorosis and discolouration of interveinal areas 
appeared as air pollution symptoms on foliage of 
uninoculated cucumber plants and on the plants inoculated 
with powdery mildew, S. fuliginea and root-knot nematode, 
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javanica at both polluted sites and S2). The symptoms 
were more pronounced at S^ than S2 irrespective of 
treatments. Foliar injury at the polluted sites was 
greatest in plants inoculated with M, javanica. All 
considered growth parameters were significantly suppressed 
both at Sj^  and S2 in comparison to the control site 
(University Agriculture Farm). The growth parameters and yield 
characters of cucumber inoculated with either M. javanica or 
S. fuliginea or with both the pathogens simultaneously at 
polluted and unpolluted sites were significantly suppressed. 
At polluted sites (S^ ^ and S2)/ the reductions in growth 
parameters causd by M. javanica was greater than fuliginea. 
In simultaneous inoculations at polluted sites, the 
interactive effect of both the pathogens on growth 
parameters were additive while at unpolluted control site it 
was synergistic. Root-knot intensity (number of galls and 
egg masses per plant) and fecundity and root population of 
nematode were greater in concomitant inoculations than the 
plants inoculated with M. javanica alone. However, under 
the stress of ambient air pollution/ root galling was 
enhanced while the fecundity and egg mass production were 
suppressed. Development of powdery mildew disease was also 
adversely affected by the ambient air pollution. The 
suppressive effects of ambient air pollution was evidenced 
from poor per cent infection of leaf area and poor germination 
of conidia and smaller number of fibrosin bodies per 
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conidium in comparison to unpolluted control site. 
Interactions of S02» S. fuliginea and M. javanica 
on cucumber/ were studied in three separate experiments 
under artificial treatments. In experiment one, interaction 
of SO2 (0.10 ppm) with S. fuliginea, in the second, 
interaction of SO2 (0.10 ppm) with M. javanica and in the 
third interaction of SO2 (0.10 ppm) with fuliginea and 
M. javanica together were examined using dynamic state 
exposure chamber in sequential and concomitant inoculation 
treatments. Cucumber leaves exposed to SO2 irrespective of 
pathogen inoculation exhibited chlorosis and discolouration 
of interveinal areas. The symptoms were more pronounced on 
fully emerged older than younger leaves. The intensity of 
air pollution symptoms was relatively greater in pathogen 
inoculated plants than uninoculated exposed plants. 
1. Interaction between SO2 and S, fuliginea 
Plant growth parameters were significantly suppressed 
by S. fuliginea and SO^ individually. But the reductions in 
fresh and dryweights caused by SO2 was smaller than 
S. fuliginea. SO2 however, caused greater decrease in 
number of flowers and fruits and reduction in chlorophyll 
content of leaves than S. fuliginea. Sequential treatments 
of both SO2 and S. fuliginea caused significant-reductions 
in all considered growth parameters in comparison to untreated 
control plants. Highest reduction was recorded in post-
inoculation exposures followed by pre-/ and concomitant 
inoculation exposures. In all the three sequential ino-
culation exposures, the combined effects were antagonistic 
for plant growth parameters. 
SO2 exposures significantly reduced per cent leaf 
area infection of the powdery mildew. The reduction was 
greater in pre-, and concomitant inoculation exposures than 
post-inoculation exposures. The conidial size remained 
unaffectd but number of fibrosin bodies and per cent 
conidial germination were significantly reduced. SO2 treatment 
also affected conidial viability. Concentration of SO2 and 
exposure durations were determinants-- of the effect. Higher 
concentrations and longer duration were greatly suppressive. 
2. Interaction between SO2 and M. javanica 
The intensity of SO2 induced symptoms was relatively 
greater in nematode inoculated plants than uninoculated 
plants. M. javanica caused greater growth suppression than 
SO2. M. javanica and SO2 interacted synergistically. The 
suppressions in al^ l the considered parameters were greater 
when nematode inoculated plants were exposed to SO2 than the 
sum of the suppression caused by the nematod or SO2 individually. 
Post-inoculation exposure caused greater suppressions than 
pre-inoculation and concomitant inoculation exposures. 
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SO2 suppressed egg mass counts and fecundity of the 
nematode. This suppression was greater in pre-inoculation 
exposures followed by concomitant and post-inoculation 
exposures. However, number of galls and female population 
density in roots of exposed plants were greater than 
unexposed inoculated plants. Morphometries of adult females 
between exposed and unexposed nematode inoculated plants 
also differed. Body and neck lengths were greater in all 
nematode inoculated plants exposed to SO2/ while width of 
neck, body, median bulb and length of median, bulb were 
reduced. 
The used concentrations of SO2 (0.01, 0.02, 0.05, 0.10, 
0.20 and 0.50 ppm) did not significantly affect hatching and 
root penetration of the nematode juveniles. 
The giant cells in roots caused by the nematode in 
unexposed plants were larger with dense granular cytoplasm 
and agglomerated nuclei than exposed plants, where the 
cytoplasm was diffused, granulated, and vacuolated with a few 
nuclei. The giant cells in a single cluster in both, showed 
distrinct thickened boundary walls,. Other anatomical changes 
such as development of abnormal xylem, distribution of 
phloem elements, and cortical tissues were more or less 
similar. 
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3. Interaction between SO^, S. fuliqinea and M. javanica 
Sphaerotheca fuliqinea/ M. javanica and SO2 
individually caused significant reductions in all considered 
growth parameters and chlorophyll content of leaves. The 
trend in growth suppressions were same as in the previous 
experiments. The combined effects of fuliqinea and SO2 
were antagonistic, leading to reduced fiowdexy mildew, 
development. The reductions in growth parameters caused by 
fuliqinea and SO2 together, were less than sum of 
reductions caused in their individual treatments. In 
contrast, combined effect of SO2 and M. javanica was 
synergistic. Plants inoculated with both S. fuliqinea and 
M* javanica and exposed to SO2 simultaneously {fungus+ 
nematode + SO2) significantly reduced growth parameters of 
plants. In the presence of SO2/ both pathogens interacted 
additively and caused significant decrease in growth 
parameters. Yield characters (flowers and fruits per plant) 
were adversely affected in combined treatments { F + N + S O 2 ) 
in comparison to individual treatments. The reduction in 
chlorophyll content was greater in plants inoculated with 
both S. fuliqinea and M. javanica, irrespective of SO2 
exposures. 
Root galling and female nematode population density 
were greater in plants inoculated with M. javanica and 
fuliqinea together or M. javanica inoculated plants 
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exposed to SO^ than plants inoculated with the nematode 
alone. SO2 exposure, however, suppressed egg mass 
production and fecundity of the nematode. The suppressions 
caused by SO2 were greater in plants inoculated with both 
the pathogens together than with nematode alone. 
SO 
2 exhibited suppressive effect over powdery 
mildew fungus. The size of conidia remained unaffectd but 
the fibrosin bodies count and per cent germination of 
conidia were greatly reduced in all exposed plants. 
Flyash emitted from the Thermal Power Plant, 
Kasimpur, was alkaline with electrical conductivity 9.84. 
Several metal elements like Pb, Ni, Mn, Co, B, Cu, K, Cr,Cd, 
Zn, Fe, and organic carbon and nitrogen were present in it. 
Incorpration of flyash in soil at 10 and 25% caused 
significant increases in plant growth and flowering and 
fruiting of cucumbers. Chlorophyll content of leaves 
significantly increased at 10, 25 and 50% levels. In 
presence of M. javanica, the increases in growth parameters 
etc. were relatively less. At higher levels (50 - 100%) of 
flyash, plant growth was suppressed. This suppression was 
greater in presence of the nematode. S. fuliqinea caused 
less reduction in plant growth at 10 and 25% levels of 
flyash. However, a progressive decrease in plant growth 
occurred with further increase in flyash level. 
Root galls, egg massess, fecundity, and female 
population densities of the nematode were greater in 10 and 
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25% flyash levels in comparison- to higher levels. At 10 
and 25% flyash levels, juvenile penetration of roots was 
greater than in control plants. At higher levels (50/ 75/ 90 
and 100%) root penetration greatly decreased/ which was 
correlated to flyash level. Water extracts of flyash 
amended soils, adversely affected juvenile .hatch of . 
M. javanica. Juvenile hatching progressively decreased as 
the level of flyash increased. Juvenile mortality also 
occurred in the extracts. Per cent mortality was related to 
the flyash level and exposure period. 
The per cent powdery mildew infected leaf area of 
plants grown in soils amended with flyash was highest in 10% 
which declined with increase in flyash level. No 
significant differences in conidial dimensions and fibrosin 
bodies count were found except in conidial germination at 90 
and 100% levels. 
Plant growth parameters showed a significant 
- 2 - 1 increase with dusting of flyash at the rate of 5 g m day 
- 2 - 1 and decrease at the rate of 8 g m day and no effect at 
- 2 - 1 -2 - 1 the rate of 2 g m day . Though flyash at 2 and 5 g m day 
favourably influenced flowering but in general, all the 
- 2 - 1 three levels of flyash (2, 5 & 8 g m day' ) adversely 
affected fruiting. Chlorophyll content of leaves increased 
-2 - 1 significantly in 2 and 5 g m day flyash treated plants 
- 2 - 1 
but a marked decrease occurred at 8 g m day . In 
individual inoculations, fuliginea caused greater growth 
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reduction than M. javanica. When plants were treated with 
the nematode and flyash/ the reductions in growth parameters 
were not significantly different from reductions in the plants 
inoculated with the nematode alone, but were significantly 
suppressed in comparison to untreated control plants. 
Sphaerotheca fuliginea alone and with flyash 
dusting caused significant reductions in all considered 
growth parameters. However, the reductions caused by 
fuliginea alone were greater than the reductions caused by 
the fungus and flyash together. Flyash deposition on 
foliage suppressed the development of the powdery mildew 
fungus. 
Plants receiving M. javanica and S. fuliginea 
simultaneously with no flyash showed significantly greater 
growth reductions in comparison to plants treated with both 
the pathogens and flyash together. All the considered 
parameters were significantly smaller in concomitant 
presence of all the three than untreated control plants. In 
general, yield characters (flowering and fruiting) and 
chlorophyll content of leaves were greatly suppressed in 
plants treated with flyash in the presence of both or either 
of the pathogens. 
Root-knot disease intensity was not affected due to 
flyash deposition on the plants, irrespective of rates. The 
development of powdery mildew was adversely affected by 
xys 
flyash application at all the three rates. Poor per cent 
leaf area infection, conidial germination and fibrosin 
bodies counts per conidium were recorded in flyash treated 
plants. 
In sensitivity test/ of the ten cucumber cultivars, 
All Season/ Aligarh Local, and Sutton Long Green were 
resistant to 0.05 and moderately resistant to 0.10 ppm of 
802. Kakri Tar/ Poona White Wonder and Barsati Lamba were 
moderately resistant to 0.05 ppm and moderately sensitive to 
0.10 ppm. The remaining cultivars were highly sensitive to 
both concentrations. The leaf injury was directly related 
to growth inhibition. 
Exposure of cucumber seeds to SO2 at higher 
concentrations adversely affected their germination. 
Percent germination obtained with 0.01 - 0.50 ppm of SO2 did 
not differ from control but seeds exposed to 1.00 - 5.00 ppm 
showed significantly decreased per cent germination. No 
post-emergence mortality of seedlings occurred when exposed 
to 0.01-0.05 ppm, however, the seedlings showed mortality 
when concentration of SO2 was increased from 0.10 to 0.50 ppm. 
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